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Abstract 
THE thesis embodies the results of the physiological 
studies on G-astrothylax crumenifer, a rumen parasite of 
Indian water "buffalo, Bubalus buhalis. 
All experiments related to oxidative metabolism were 
carried out with the help of Clark-type polarographic oxy-
gen electrode in a self-designed double walled glass chamber. 
The oxygen consumption curves were d i rec t ly monitored on a 
100 mV YSI Model 80A single channel laboratory recorder 
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attached to the oxygen monitor at 57°C unless mentioned 
otherwise. 
It i s quite d i f f i c u l t to evaluabte and make comparison 
of the results of the previous and the present findings 
since the experimental conditions, techniques and parameters 
used vary from each other. However, the results obtained in 
the present study were compared with the res'ults reported 
ear l ier by manometry. It was found that polarography is 
much more sensitive and accurate than manometry. QOg values 
are found to be greater than YOg values and exogenous glucose 
causes stimulatory e f f e c t on the oxygen consumption of the 
parasites. 
The influence of temperature on metabolic rate has 
shown that an increase in temperature results in giradual 
increase of respiratory rate. 40°C appears to be the 
optimum temperature as the QOg i s twice as much as at 25°0 
and i t r e f l e c t s the temperature characterist ics of micro-
environment of the mammalian host. 
Several chemicals were tested f o r the i r inhibitory 
or stimulatory e f f e c t on the oxygen consumption of the 
worms. Al l additives, except sodium arsenate, inhibited the 
oxygen consumption. Potassium cyanide was the most inhib i -
tory and sodiiim arsenite was the least inhibitory. Among 
the chemicals tested, potassium cyanide, sodium azide and 
iodoacetate are better sind more e f f e c t i v e inhibitors of 
oxygen consumption than sodium f luoride and malonate. The 
results of the present study generally conform with the 
results of the other workers who have used the same chemi-
cals on other digenetic trematodes. The inhibitory e f f e c t 
of some of these chemicals indicates the presence of d i f f e -
rent metabolic pathways operating in this worm. 
Various leve ls of hydrogen ion concentrations have 
pronounced e f f e c t on the QOg of this parasite. Respiratory 
rates showed one peak each in s l ight ly acid as well as in 
alkaline range. The optimum hydrogen ion concentration f o r 
oxygen consumption seems to be 6, as the worms consume 
oxygen at a steady rate at this pH. 
The oxygen uptake of the worm under various osmotic 
stresses i s inhibited except in one case (75% Hanks' 
saline without glucose) where the uptake i s stimulated. 
The reasons f o r the decrease of QOg in various percentages 
of Hanks' saline are discussed. The extreme hypotonic!t ies 
as well as hypertonicit ies are detrimental to the parasites. 
In extreme hypotonic solution, the worms behave as osmometers 
and gain maximum weight while in extreme hypertonic solution, 
the worms shrivel and lose weight. 
Pour anthelmintic drugs were tested f o r their inh ib i -
tory or stimulatory e f f e c t on the oxygen consumption of the 
worms. All drugs, except fenbendazole, s igni f i cant ly inhi -
bited the respiratory rate. Inhibition by hexachlorophene 
and tetramisole i s approximately of the same magnitude and 
both dirugs are twice as inhibitory as mebendazole. 
Mitochondria were isolated from G. crumenifer and 
their oxygen consumption determined polarographically at 
30°C. They are found to oxidize succinate act ively than 
malate than pyruvate. A number of respiratory inhibitors 
and stimulators were tested f o r the ir e f f e c t on oxygen 
consumption. Cyanide, azide and oxaloacetate very s i g n i f i -
cantly inhibited the mitochondrial oxygen consumption and 
the rate i s at least 70% inhibited by malonate and oligomycin 
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whereas the least inhibition i s foimd with salicylhydroxamic 
acid. 
Inhibitory e f f e c t of some of these chemicals tested, 
indicates the presence of oxidative phosphorylation in the 
parasite. Further, oligomycin sensitive ATPase i s present 
in the mitochondrial f ract ion . 
The G, crumenifer hemoglobin was isolated, purif ied 
and chromatographed. The elution pattern of oxyhemoglobin 
of the parasite shows two peaks. The major peak obtained 
at 412 nm was considered to be the worm's hemoglobin and 
i t was used f o r the molecular weight estimations. I t s 
molecular weight was determined on a calibrated Sephadex 
G-lOO column as well as by SDS-PAG electrophoresis. The 
molecular weight of the hemoglobin obtained by the former 
comes to 18,000 and 16,500 by the l a t t e r method, respec-
t i v e l y . 
Oxygen binding study was also carried out by polaro-
graphy at 50°C. The pigment showed a hyperbolic type of 
curve with a P^ Q of 6.1 mmHg. The shape of the curve and 
the oxygen a f f i n i t y are both independent of hemoglobin 
concentrations. The origin,evolution and function of 
parasite hemoglobin are discussed. 
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Introduction 
IN the last few decades, there has been a d ist inct 
shi f t from c lass ical research on morphology and taxonomy 
to d isc ipl ines l ike physiology, "biochemistry and molecular 
biology. This change in the trend of b io l og i ca l research 
i s essential f o r an understanding of the l iv ing processes. 
By comparison with mammalian respiratory physiology, para-
s i t es ' respiratory physiology i s in i t s infancy whereas 
trematodes' respiratory physiology i s s t i l l in i t s embryo-
nic stages. This may be due t o the complex natuire of 
their l i f e cycles, ^ e r e the larval stages may pass from a 
free l iv ing stage to invertebrates and f i n a l l y develop into 
adult in a vertebrate de f in i t ive host . So during their 
l i f e cycles they may have to face wide variations in oxygen 
a v a i l i b i l i t y . Their survival i s therefore influenced by 
the general b i o t i c factors associated with the aquatic 
environments as well as the intimate physiological and 
immunological interactions which are a part of any host -
parasite relationship. Respiratory studies with trematodes 
present a number of special problems due, f i r s t , to the 
fact that their habitat i s the tissue of another animal, 
the host, and secondly, to the small size of the parasites. 
Trematodes are in a state of dynamic equilibrium with 
their hosts and removal from the ir host f o r in v i t ro 
determination of oxygen uptake destroys this balance, 
because the host provides many important physiological 
needs of the parasites, no matter how-much do in v i t ro 
conditions conform with the conditions i^ v ivo . These 
and other problems do not allow to study the respiration 
of these parasites v i tro f o r longer periods. 
Al l the stages in the l i f e cycle of digenetic 
trematodes and special ly adults so far stutied, have been 
found to u t i l i z e oxygen i f available and produce carbon 
dioxide? although adults have been generally c l a s s i f i e d 
as facultative anaerobes (Bueding, 1949j Groil, ,1958j von 
Brand, 1979). The question whether helminths lead a 
predominantly aerobic or anaerobic l i f e can be decided 
only on the basis of knowledge of the oxygen tension 
(PO2) of their habitats, their response to lack of oxygen 
and the factors determining the respiratory rates, von 
Brand (1973) c lass i f i ed parasit ic habitats into "oxygen 
free (or perhaps more accurately oxygen poor) environments, 
unambiguous aerobic habitats and one potential habitat with 
excessively high oxygen tension, the swim bladder of the 
f i shes " . 
Many parasit ic habitats have low oxygen tensions 
and these are often described as being micro-aerobic. 
However, no parasit ic s i te can really be described as 
t o ta l l y anaerobic and a l l the parasites probably have at 
least some oxygen available to them, although they may 
have to cope with extensive periods of anaerobiosis. 
According to Bryant (1971) "parasites are 'metabolic oppor-
tunists ' j i f a resource i s available and i s useful , then i t 
w i l l be used. I t s use need not to be confined to respira-
t ion alone, f o r there are many other processes that require 
oxygen. The parasite assumes a chameleon-like physio logi -
cal quality—^the type of their metabolism whether aerobic 
i s f i t t e d to the prevailing environmental conditions. They 
must therefore possess some mechanism which wi l l enable 
them to detect and then react to a change in that environ-
ment, the precise nature of th is mechanism i s one that 
mystifies parasi to logists" . On the basis of available l i t e -
rature on respiratory metabolism von Brand (1973) suggests 
that adult parasit ic helminths are facultative aerobes and, 
although they show a marked tolerance to lack of oxygen 
they are able to use i t when available. The evidence comes 
from knowledge of carbohydrate metabolism which i s charac-
terised by the formation via pyruvate of ac idic and other 
endproducts independently of oxygen, a process indicating 
that g lyco lyt i c pathway i s involved. 
The continuous supply of oxygen in trematodes, f o r 
their metabolic a c t i v i t i e s , i s obtained "by the generation 
of energy rich phosphate bonds in the form of ATP. This 
phenomenon i s associated with the oxidation and reduction 
of various substrates. This degradation of fue l requires 
the uptake and ut i l i za t i on of oxygen. The basic need of 
respiration i s remarkably uniform. It i s f o r the provision 
of oxygen, at a su f f i c i ent rate, to function as the f ina l 
hydrogen acceptor in an apparently universal scheme of 
intracel lular oxidation by electron transfer, which alone 
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yields aerobically the energy f o r metabolic a c t i v i t i e s . 
This uniform need i s served by enormous diversity of ar^ 
rangements f o r bringing the oxygen to the t issues and to a 
lesser extent f o r evacuating carbon dioxide. 
The data on the metabolic pathways are very meagre 
in trematodes but there i s some evidence that g lyco lys is , 
TCA cycle and cytochrome systems are operative but not 
completely identical with those occurring in an aerobic / 
organism. 
Oxidative phosphorylation i s the process by which 
l iv ing systems obtain the energy required to support the 
various ac t iv i t i e s of l i f e . It takes place within mito-
chondria by means of a sequence of electron acceptors and 
donors (electron transport) . The sequence commences at 
NAD, and ends with oxygen, which acts as the f ina l e l e c -
tron acceptor. Between these two l i e a chain of f lav in 
mononucleotide (FMU) and f lav in adenine-dinucleotide 
(FAD), and the cytochromes. A series of enzymes, f l avo -
proteins and cytochromes catalyze the transfer of e l e c -
trons along the respiratory chain. The cytochrome system 
can operate at oxygen tensions as low as 5 mmHg and, i t 
i s therefore possible, f o r an active system to fimction in 
many parasites l iv ing in oxygen poor-environment. The 
actual mechanism of this i s not yet completely known where-
as the P/0 ratio i s used as a measure of oxidative phos-
phorylation e f f i c i e n c y . The nematode undergoes a t rans i -
t ion during i t s l i f e cycle from a fti l ly aerobic to what has 
generally been thought to be an essential ly anaerobic res -
piratory energy metabolism. In free l iv ing stage the 
energy metabolism i s aerobic. The enzymes of the respira-
tory chain and ATP synthesis are local ized commonly in 
mitochodria. The evidence f o r the occurrence of cytochromes 
a/a^, b and c have been reported from a number of helminths. 
Some data are also available f o r trematodes. The cyiio-
chrome oxidase of Schistosoma mansoni i s weak and can 
account for* only a small fract ion of the worm's oxygen 
consumption (Bueding and Charms, 1952), while the system 
may have greater importance in S. .laponicum (Huang and 
Chu, 1962). More i s known in this respect from Fasciola 
hepatica (Prichard and Schofield, 1971> Cheah and 
Prichard, 1975). There i s no evidence f o r the presence 
of TCA cycle operating at a s igni f icant leve l of a c t i -
v i ty and Fairbaim (1969) pointed out that "anaerobic 
p-oxidation of fa t ty acids occurs, i f at a l l , in any 
organism". 
There are two types of heme containing respiratory 
pigments in trematodes v i z . , hemoglobin and cytochrome. 
The distribution of former in trematodes i s widespread 
but nothing i s known so far about i t s origin or functional 
importance. The important question from the b io log ica l 
view point concerns the physiological role of trematode 
hemoglobins. Various functions have been ascribed to them 
by various workers. They have been regarded as "f\mction-
less byproducts of the nutrit ion of the worms" (Pantelouris, 
1967) or as important f o r the elimination of peroxide via the 
peroxidise a c t i v i t i e s of methemoglobin (Laser, 1944), while 
Freeman (1963) i s of the opinion that they f a c i l i t a t e oxy-
gen d i f fus ion . 
The distribution of the red pigment variously called 
cruorine, erythrocruorin, hemoglobin or myoglobin depending 
on when i t was described and where i t i s located, has been 
the object of many studies. The numerous investigations, 
carried out by Lankester in the mid to late 1800s, des-
cribed the apparent irregular occurrence of this pigment 
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among the invertebrates. For example, Lankester (1872) 
found that one of the two congeneric species of "bivalve or 
polychaete often possesses hemoglobin and the other lacks 
i t ent ire ly . Freeman (1965) Jias ireported the occurrence 
of hemoglobin in the trematode, Protoeces subtenuis, from 
a stage which i s parasit ic in a bivalve, Scrobicularia 
plana \diich has no hemoglobin. 
Recently trematode hemoglobin was studied in great 
detai l by Halton (1967) and Lutz and Siddiqi (1967). The 
la t t e r workers demonstrated spectrophotometrically and 
electrophoretical ly that the hemoglobin of F. gigantica i s 
a true porphyrin pigment dist inct from that of the host and 
suggested that the parasite hemoglobin i s endogenous. More 
recently Cain (1969a,b,c) and Haider and Siddiqi (1976, 
1977) employing gel f i l t r a t i o n , ion exchange chromatography, 
polyacrylamide ge l electrophoresis and spectrophotometi^ 
have characterized the pigments in various species of d ige-
netic trematodes. 
The structure of hemoglobin of the fluke DicrocoeliTJin 
dendriticum has been studied in detai l by Tuchschmid, Eunz 
and Wilson (1978). The subunit molecular weight of th i s 
pigment i s 15f500 as determined by gel f i l t r a t i o n in 6M 
guanidine and sodium dodecyl sulfate polyacrylamide ge l 
electrophoresis (SDS-PAGE). 
8 
Perhaps one of the most interesting hemoglobins among 
the lower invertebrates i s that of the nematode Ascaris 
lumbricoides (Lee and Smith, 1965). Ascaris hemoglobin 
consists of eight subtinits whose molecular weights are 
about 40,600 and i t i s unlike any of the other hemoglobins 
so far studied, not only with respect to i t s quaternary 
structure but also the nature of i t s subunits. I t s molecu-
l a r weight i s 38-40,000 as determined by SDS-PAG-E. 
Studies in recent years have shown that hemoglobin 
and myoglobin have similar structure and that i s probably 
also true f o r trematode hemoglobins. These facts suggest 
that there i s phylogenetic relationship between hemoglobin 
and myoglobin,-and the functions of these molecules are 
transport and storage of oxygen respectively. I t also 
appears that these molecules may have evolved from a hemo-
globin- l ike ancestral protein» 
The most important question from the b io log i ca l point 
of view concerns the physiological role of the trematode 
hemoglobin. Hemoglobin i s generally associated with oxygen 
binding and very l i t t l e i s known about the functional and 
structural aspects of th is reaction in the trematodes. 
Oxygenation properties of the high molecular weight hemo-
globins vary greatly with respect to oxygen a f f i n i t y . The 
study of oxygen a f f i n i t y of hemoglobin of free l iv ing 
invertebrates have been extensively studied whereas the 
same has been confined only to the nematodes while the 
trematodes have remained neglected. 
The presence of these respiratory pigments probably 
allows the parasite to inhabit regions of low oxygen ten-
sion f o r use in certain tissues rather than f o r the whole 
animal. 
The knowledge of the respiratory metabolism of t r e -
matodes i s s ignif icant in many ways. In the f i r s t place, 
i t wi l l provide the ways in which the metabolic pathways 
have been modified to s\d.t the highly specialized mode of 
l i f e . In the second place, the knowledge of respiration 
i s an important ingredient in the rational development of 
new drugs and vaccines and to the elucidation of the mode 
of action of compounds already discovered. The development 
of successful vaccines against parasit ic helminths neces-
sitate routine in v i t ro ciilture, and f o r this an intimate 
knowledge of helminth biochemistry i s required. Many b i o -
chemical di f ferences between parasit ic helminths and their 
mammalian hosts are not known as yet and once such a d i f -
ference has been ident i f ied , spec i f i c inhibitors f o r the 
parasite metabolic pathway could then be synthesized so 
that the same do not cause any harm to the host but are 
e f f e c t i ve against the parasites. 
Historical Review 
Ozygen Consumption: 
THE respiratory metabolism of trematodes has been 
studied by a number of workers: (Hamisch, 1932j"van 
Grembergen, 1949j 1950> Bueding and Charms, 1952$ Read 
and Yogore, 1955; Htinter and Vemberg, 1955a,b} Agosin, 
von Brand, Rivera and MoMahon, 1957j Goil , 1958, 196l> 
Vemberg and Hunter, 1959, I960, 1961j Vemberg, 1961} 
Freeman, 1962j Kloetzel , 1966; Taft and Pried, 1968} 
Richards, 1970} Siddiqi and Nizami, 1975} Nizami and 
Siddiqi, 1977a,b, 1978a,b, 1979, 1980, 1982). They had 
chosen adult parasites which u t i l i zed a measureable amount 
of oxygen. Although the trematodes do consume oxygen when 
i t i s available, the importance of oxygen metabolism of 
the adult f lukes has been debatable. As Rogers (1962) has 
pointed out, however, i t has not been shown conclusively 
that any of the parasit ic helminths can l i ve under anaerobic 
conditions. Bueding (1949) concluded that small amounts of 
oxygen may be necessary f o r adult S. mansoni and Rohrbacher 
(1957) found that adult P. hepatica did better in v i t ro 
under aerobic than under complete anaerobic donditions. 
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Al l the stages in the l i f e cycle of digenetic trema-
todes so far studied have been found to u t i l i z e oxygen, i f 
available, although adults have been generally c l a s s i f i e d 
as facultative anaerobes (Bueding, 1949} von brand, 1952} 
Goil , 1958). The measurement of oxygen consumption of 
trematodes i s influenced by many of the same factors which 
have been found to a f f ec t the respiration rates of f ree 
l iv ing organisms. The process by which b io log ica l systems 
maintain and enlarge optimally within certain l imits , i n -
clude temperature, oxygen tension, hydrogen ion concentra-
t ion , osmotic stress, body s ize , stage in the l i f e cyc le . 
II Ef fect of Temperature; 
In a l l heterothermic animals temperature plays an 
important role in determining the rate of oxygen consumption: 
the rate increases with temperature up to a maximxim point , 
then any further increase causes a decline in the oxygen 
uptake. Trematodes may encounter great extremes in tempera-
ture. These helminths may have a f ree l iv ing cercarial 
stage, an invertebrate or vertebrate poikilothermic in ter -
mediate host, followed by a bird or mammal de f in i t ive host 
which has a constant high temperature and the worms must be 
able to adapt to a l l these thermal environments. 
When QO2 of the species of trematodes from f i s h , 
(Saccocoelium beaufort i ) . from tur t l e , (Pleurogonimus 
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melaclemys), and from birds, (G-ynaecotyla adimca) was 
measured over a wide range of temperature, each species 
re f lected the thermal environments of the de f in i t ive 
host (Vemherg and Hunter, 1961), The respiration rate 
of the worms increased up to the normal temperature of the 
f i n a l host} when the temperature was increased beyond these 
l imi ts , the QOg decreased and f i n a l l y , with further tempera-
ture elevation, the worms died. Thus f i s h and turt le para-
s i tes died at a temperature below the normal body tempera-
ture of birds. When the temperature c o e f f i c i e n t s f o r these 
three species of trematodes was expressed in terms of Q]_Q» 
the values tended to be low within the temperature range 
normally encountered in the de f in i t ive host, higher at 
temperatures below this range. Rao and Bullock (1954) have 
pointed out that in free l iv ing animals the Q^ Q values are 
lowest in the temperature ranges v^ich approximate that of 
the habitat. The e f f e c t of temperature on respiration of 
Schistocephalus solidus has been studied by Walkey and 
Davies (1964) who observed that the rate of respiration did 
not t a i l o f f above and which might be an adaptation 
towards the e f f i c i e n t functioning of respiratory enssymes at 
the higher temperature of their micro environment. 
I l l E f fec t of Chemicals; 
The respiratory metabolism of the trematode, 
Paramphistomum cervi and nematodes, Haemonchus controtus. 
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Osterta^ia circumcincta, Syphacia sp. , Heterakis spximosa, 
Stron^ylus equinus and S. vul^aria in the presence of 
cyanide, have been studied lay Lazarus (1950). Fagamoto 
and Okabe (1959) studied the oxygen consumption of 
Glonorchis sinensis and revealed that 0.03% resochin and 
stibnal (sodium antimony tartrate) inhibited the respira-
tory metabolism of the fl\ike. Shimomura (1959) observed 
that in S. mansoni the respiration was obstruct red power-
ft i l ly by 0.02% potassium antimony tartrate , l e s s powerfully 
by 0.02% stibnal and only s l ight ly by 0.02% stimon. van 
Grembergen (1949) reported that malonic acid, ethylurethane 
and potassium cyanide have inhibitory e f f e c t , while 2 ,4 -
dinitrocyclopentyl phenol 
and 2,4-dinitrophenol 
(10"^ to lO'^M) have stimulatory e f f e c t on the respiration 
rate of P. hepatica; whereas Coles (1972) found that in the 
absence of ADP the respiration of S. mansoni was stimulated 
by 2,4~dinitrophenol (2 x lO'^M). Prichard and Schofield 
(1971) reported that azide (10"%) causes 35% inhibit ion in 
oxygen uptake in hepatica and 53% in S. mansoni (Magzoub, 
Maegraith and Fletcher, 1971). Potassium cyanide was found 
to be an e f f e c t i ve inhibitor of the respiaration of S. mansoni 
(Ross and Bueding, 1950j Bueding and Charms, 1951j Magzoub 
et , 1971j Coles, 1972). On the other hand, Lazarus 
(1950) repoirted that cyanide caused a pronounced stimulatory 
e f f e c t in the oxygen consumption of P. cervi . 
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Eckert and Lehner (1971) determined manometrically 
the oxygen consumption of D. dendriticum and reported 
that the average rate of endogenous oxygen uptake was 
1,3 ©2 per mg dry substance per hour. G-alactose, 
glucose and fructose produced no stimulatory e f f e c t while 
some inhibitors of mitochondrial respiration in mammals 
(2-thenoyltrif luoroacetone, 8-hydoxyquinoline, s a l i c y l -
aldoxime, potassium cyanide, antimycin-A) markedly inhi -
bited the ©2 consiimption of D. dendriticum. However, the 
rate of respiration was increased by 2,4-dinitrophenol due 
to uncoupling of oxidative phsophorylation, Yemberg and 
Hunter (I960) found that when malonate, T^ich competitively 
inhibits succinic dehydrogenase was added to the medium, 
there was a highly s igni f icant decrease in oxygen consump-
tion in G. adtmca. In the same parasite, the copper 
inhibitors (diethyldithiocarbamate, salicylaldoxime and 
phenylthiourea) also inhibit respiration. Coles (1973) 
exaustively reviewed the e f f e c t of various inhibitors on 
the respiration of S. mansoni. Bueding (1950) reported 
that arsenite and p-chloromercuric benzoate inhibit the 
oxygen uptake and this inhibit ion i s not presented or 
reversed by an excess of glutathion or of th io lg lyco l la te ; 
whereas f luoride and fuadin also cause inhibit ion in the 
respiration of S. "mansoni. On the other hand, an inhibitory 
—6 —3 e f f e c t of antimycin-A (lO'^'M), amytal (10~^M) and rotenone 
15 
in tlie respiration of S. mansoni was repoirted by 
Coles(l972), who concluded that the worms possessed a 
coupled functional cytochrome system, whereas f luoro -
acetate part ia l ly inhibited oxygen consujnption (Coles, 
1970). In another study Hamajima (1973) found that b i t h i o -
nol stimulated l a c t i c acid production and inhibited the 
oxygen consumption of adult Paragonimus westemani in v i t r o . 
The respiration of adxalt P, ohiarai was increased by 
the addition of 0.0031M glucoseamine whereas glucose, 
lactose or mannose decreased the respiratory rate but 
maltose, fructose, mannitol and galactose had l i t t l e e f f e c t 
(Bruce, Ruff , Williams and Hansen, 1971). They also studied 
the oxygen consumption of C. sinensis and concluded that no 
repayment of oxygen debt occurred. 
T. Ef fect of Hydrogen Ion Ooncentration: 
The hydrogen ion concentration at which the respira-
t ion of parasites stays approximately unaltered varies from 
species to species. The e f f e c t of pH on the respiration of 
trematodes has been studied by Bueding (1950) in S. mansoni 
while oxygen constimption remained unaltered from pH 
6,8 to 8.9 but below or above th is range the oxygen uptake 
of the parasite was adversely a f fected . Mzami and Siddiqi 
(1978a, 1982) have studied the e f f e c t of pH (from 4 to 11) 
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on the respiration of tiie following digenetic trematodes: 
Gastrothylax crumenifer, Gigantocotyle explanatxam. 
Isoparorchis hypselobagri, Srivastavaia indioa« Fasciolopsis 
buski, Ectiinostoma reYOlutum and G-astr^iscoides hominis. ______ _______________ ___________ /\ ___—__. 
They have reported low oxygen consumption in ac id ic pH and 
high oxygen consiimption in alkaline pH. The endogenous 
aerobic respiration rates of S. solidus -were determined 
f o r the plerocercoid and adult stages by Walkey and Davies 
(1968). Adult woms displayed irregular changes which were 
d i f f i c u l t to interpret and the absence of respiratory res -
ponse in ple.rocercoids can be largely explained by the 
observation that the pH in the internal medium of the para-
s i te does not a l ter with changes in the external medium. 
"VI. Effect of Osmotic Stress; 
Schlieper (1929), Schwabe (1933) and-Plemister and 
Plemister (1951) revealed that C2?abs consumed more oxygen 
when subjected to osmotic stress and Krogh (1939), Potts 
(1954) and Gross (1957) were of the opinion that muscular 
and other a c t i v i t i e s account f o r this increase in oxygen 
consumption and a f f e c t osmoregxilation indirect ly . Ramamurthi 
(1968) demonstrated that oxygen consumption of leech under 
osmotic stress was probably related to both osmotic work 
load and ionic reg-olation. Such type of study in trematodes 
has never been made before though osmotic and ionic behavior 
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has "been extensively studied "by Siddiqi and Lutz (1966) and 
Siddiqi, Islam and STissami (1975). These authors concluded 
that a l l species of trematodes behave as leaky osmometers 
and loss of Era"*" and K"*" take place by simple d i f fus ion . The 
dif ferences in osmotic and ionic behavior among trematodes 
are due to the d i f f e rent ia l permeability of their teguments, 
Bair and Peters (1971) found weight l o s s and oxygen consump-
t ion as valid parameters of osmotic ac t iv i ty in Haematolechus 
medioplexus. 
The e f f e c t of d i f ferent s a l i n i t i e s on Hirudinaria 
granulosa, the common Indian catt le leech found in sluggish 
fresh water was studied by Madanmohanrao (I960). He reported 
that no apparent i l l e f f e c t s were noted when leeches were 
placed in concentration up to 12,96^^. They could survive in 
this sal inity f o r indefinite periods when acclimatized 
gradually. 
There are few studies on the osmotic and ionic behavior 
in parasit ic helminths and some scattered reports are also 
available on weight change studies in trematodes (Siddiqi 
and Lutz, 1966j Siddiqi ^ a l . , 1975). Surprisingly, there 
i s not much infoinaation available on weight change and oxygen 
consumption due to osmotic stresses in trematodes, although 
Bair and Peters (1971) have found weight l oss and oxygen 
consumption as valid parameter of osmotic ac t iv i ty in 
H. medioplexus. 
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VII. Effect of Drugs: 
The influence of anthelmintic drugs on oxygen consiimp-
tion rate has rarely been studied in digenetic trematodes. 
The oxygen consumption of a parasite serves re lat ive ly 
often as a measure of drug ac t iv i ty . Such studes indicate 
at least a possible mode of action. The e f f e c t of antimo-
nials and hexachloroethane on the respiration of trematodes 
has been studied by Shimomura (1959) in S. .iaponicum and 
P. hepatica. 
Studies on Mitochondria: 
Very l i t t l e i s known about the electron transport 
system in trematodes, although considerable information i s 
available on the oxidative phsophorylation, respiratory 
control and electron transport system on other helminths 
(von Brand, 1975, 1979). The presence of functional cyto-
chromes in the mitochondria of large intest inal parasites 
i s well documented (Cheah, 1967a,b, 1968, 1971, 1972, I974j 
Cheah and Chance, 1970). Mitochondria isolated from 
Moniezia expansa (Cheah, 1971), Hymenolepis diminuta 
(Rahaman and Meisner, 1975) and A. lumricoides (Cheah, 1974) 
are capable of carrying out oxidative phsophorylation. The 
successful demonstration of the existence of oxidative 
phosphorylation and of cytochromes in the respiratoiry chain 
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system of these cestodes and nematodes was mainly due to 
the use of more sensitive experimental techniques, than 
those available to previous workers, who had fa i l ed to 
show the presence of functional cytochromes. 
Experimental evidences have shown that oxidative 
phosphorylation and electron transfer occur in trematodes. 
These aspects of respiiratory physiology in mitochondrial 
f ract ion of P. hepatica have been studied by Benedictov 
(1972), de Zoeten and Tipker (1969), Prichard and 
Schofield (1971), Cheah and Prichard (1975), Savchenko and 
Benedictov (1981) and Humiczewska (1969, 1974, 1982)» of 
S. mansoni by Magzoub et (1971) and Coles(1972) and 
of P. cervi by Shestak (1975). I t i s s igni f icant to note 
that in addition to o-type cytochrome components of the 
c lass ica l type of respiratory chain have been reported in 
Fasciola althoiagh the concentration of cytochrome aa^ i s 
low (Cheah and, Prichard, 1975). It has been suggested by 
van Vugt, Kalacioglu and van den Bergh (1976) that the 
mitochondria of Pasciola could produce ATP in complete 
anaerobiosis by dismutation of malate, but under aerobic 
conditions some substrates were conveirted by the reduction 
of oxygen. 
The enzymes hydrolyzing esters of phosphoric acid 
and phosphates, are widely distributed in helminths and 
20 
play an important role in many metabolic processes. 
Adenosine triphosphatase (ATPase) was f i r s t ident i f ied by 
Rogers and Lazarus (1949) in A. lumbricoides and now there 
are numerous reports on i t s occurrence in many other 
helminths. It has been established biochemically by 
Bueding (1962) in S. mansoni and histochemically by Porter 
and Hall (1970) and Ohman-James (1968) in Plagioporus 
lepomis and larvae and adiilt of Diphylobothrium dendriticum 
respectively. I t i s quite evident that helminths can contain 
more than a single ATPase. Bogitsh (1966) reported two 
ATPases with the help of histochemistiry in Postodiplostomum 
minimum. Bueding (1962) observed a particulate Mg'*"'' act iva-
ted and soluble Ca activated ATPase in S. monsoni and a 
third which was active by neither metal. Weinbach and 
von Brand (1970) observed dist inct quantitative and qualita-
t ive dif ferences in ATPase ac t iv i ty of mitochondrial f r a c -
t ion isolated from the larval and adult Taenia taeniaeformis. 
Thorsell (1967) has repoirfced that ATPase ac t iv i ty in Fasciola 
i s stimxxlated by hexachlorophene. G-allogly (1972) reported 
Fa"^  and K"^  stimulated ATPase ac t iv i ty in homogenate of 
H. diminuta. Both the ions showed a competitive in ter -
action. Nechay, Hillman and Dotson (1980) have reported 
that Ga"*"^  or Mg"^ "*" stimulated ATPase ac t iv i ty in homogenates 
of S. mansoni. 
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Studies on Hemoglobin; 
The distribution of hemoglobin i s widespread in 
animal kingdom but spotty in the parasites. I t has been 
posit ively identi f ied in ascomycete fungi (Keil in and 
Tissieres, 1953), root-nodules (Sternberg and Virtanen, 
1952), protozoans (Keilin and Ryley, 1953) and several 
authors have identi f ied i t in the following group of 
animals:porifera, cnidarian, platyhelminths, nemerteans, 
nemathelminths, lophophorates, echinoderms, molluscs, 
echiurids, annelids, arthropods, lower chordates and of 
course vertebrates. However, hemoglobin structure in 
these groups has unfortunately been studied in only a few 
species. 
According to the review by Lee and Smith (1965) 
hemoglobin has been found in 9 trematodes, 18 nematodes, 
1 endoparasitic insect , and 6 endo- and ectoparasit ic 
crustacea. In recent years new data has increased these 
numbers. 
Our knowledge of the respiratory pigment in trematodes 
i s not only fragmentary but also incomplete. Studies on the 
hemoglobins of parasites are confined largely to their 
spectral characteristics and the estimation of the amount 
present. 
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According to the review of l i terature endogenous 
hemoglobin has so far been demonstrated in the following 
16 trematodesi Allossostoma and Telorchis (Wharton, 1941)j 
D. dendriticum (van Grrembergen, 1949 and Tuchschmid et a l . . 
1978); P. hepatica (van G-rembergen, 1949 and Todd and Ross, 
1966)$ P. ^igantica (Goil , 1961 and Lutz and Siddiqi, 1967)? 
Ootylophoron indicum ^Ootylophoron cotylophorum) and 
erumenifer (Goil , 1959, 1961 and Haider and Siddiqi, 
1977); P. subtenuis (Freeman, 1965); Oculotrema hippopotami 
(Thurston, 1970); Philophthalmus me^alurus. E. revolutum. 
Fasciolopsis buski (Cain, 1969a,b,c) and G. explanatum, 
G. hominis and I . hypselobagri (Haider and Siddiqi, 1977) 
J^id P. cervi (Lazarus, 1950). 
I t i s evident from the foregoing review of the l i t e -
rature that respiratory metabolism of trematodes has been 
studied in a number of species, but no generalization con-
cerning respiratory metabolism can be made on the basis of 
the present status of our knowledge, Most of the studies 
on trematode hemoglobin are confined largely to i t s spectral 
characteristics and only in one or two cases, to e l e c t ro -
phoretic analysis. Much more i s desired to be known about 
the physico-chemical characters and physiological function 
of these colored proteins because they would provide an 
opportunity to speculate on their b io log i ca l signif icance in 
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group of organisms which apparently l i ves in anaerobic 
environment s . 
In spite of many advances that have been made in 
trematode physiology and biochemistry during the last three 
decades in various paarfc of the world, our knowledge of the 
subject i s s t i l l very much on the threshold and far from 
satisfactory. This may be due to the complex nature of 
their l i f e cyc les . 
Statement of Problem 
THE progress of any s c i e n t i f i c research depends 
upon the technology. In other words, the progress i s 
reciprocal to the advancement of technology since the 
la t ter opens up new methods which help in unravelling 
the unknown. I f one' compares the research work done in 
the past using less sophisticated techniques with the 
results obtained by using recent methods, one may get 
results at variance with each other. 
Research on parasite physiology and biochemistry has 
been revolutionized in recent years by the introduction of 
newer techniques and equipmnet ( l ike thin layer - , column-
and gas l iquid chromatography, infra-red, u l tra -v io le t and 
mass spectrometry, nuclear magnetic resonance, amino acid 
analysis, gas chromatography-mass spectrometry, scanning 
and transmission electron microscopy, polarographic oxygen 
electrode and refrigerated ultra centrifugation and many 
others) . In the l ight of such progress in the f i e l d of 
parasite physiology and biochemistry the older data seem 
somewhat obsolete but not completely irrelevant. For 
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example, Weinland in 1901 with the help of f a c i l i t y avai -
lable to him then pointed out that intest inal worms l ike 
Ascaris were not capable of consuming oxygen and th is held 
good f o r three decades. Later Weinland (1939) himself 
dismissed some of h is own results which were not in concor-
dance with s t r i c t anaerobiosis, because la ter workers l ike 
Daniel (1932), Alt and Tischer (1931), Adam (1932), Hamisch 
(1932a,b) and Kruger (1936, 1937) working independently at 
the same time disproved the point f o r various helminths and 
in 1932 Hamisch showed that the trematode P. hepatica uses 
oxygen. Since then similar observations were documented f o r 
many additional species and today nobody doubts anymore that 
intest inal as well as tissue helminths are capable of u t i l i -
zing oxygen i f they have access to i t . 
Research has centred f o r a long time around the gaseous 
exchanges because the simplicity and versa t i l i t y of manometric 
experiments attracted the attention of many workers interested 
in the respiiratory physiology of parasites. 
In recent years the application of the oxygen electrode 
technique in studies on oxidative metabolism of b io l og i ca l 
systems i s not only accumulating fast but also getting 
appreciation due to i t s accuracy. One can re fer to YSI 
Oxygen Electrode References prepared by the Laboratory of 
Cell Physiology, The Ohio State University, U.S.A. The rate 
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of respiration as well as the uptake of glucose and other 
substrates could be determined sa t i s fac tor i l y in whole 
organism or tissue homogenates, isolated c e l l s , and mito-
chondrial fract ions by this method. Enzymatic studies 
l ike various oxidases as well as oxygen binding capacity of 
hemoglobin of parasites which were routinely determined 
previously only by the spectrophotoiaetric methods could now 
also be determined by th is method. 
The oxygen electrode technique i s very convenient and 
sensitive so as to detect about 3.125 x 10 M^ oxygen, and 
therefore provides more accurate results on the gaseous 
exchange in microquantities in minutes rather than hours 
required f o r manometric methods. 
Surprisingly, as far as i s known there i s no repoirfc 
available on the oxidative metabolism of trematode parasites 
by polarographic method, although there are many studies on 
the oxidative metabolism as well as other studies of the 
helminth parasites by this method. 
Earl ier from this laboratory, Nizami and Siddiqi 
(1978a,b, 1982) have reported the e f f e c t of temperature, 
chemicals and hydrogen ion concentration on the oxygen 
consumption of some digenetic trematodes including 
&. crumenifer using Warburg manometer. 
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In the present study, the author has tr ied to inves-
tigate the following various aspects of the respiratory 
metaholism in G, erumenifer;normal oxygen consumption and 
the e f f e c t of temperature, chemicals, hydrogen ion concen-
trat ion, osmotic stress with and without glucose and the 
e f f e c t of various anthelmintic drugs by employing more 
advance and recently available closed system, Clark-type 
oxygen electrode and an YSA oxygen monitor. 
The main aim of the present investigation was to make 
use of the more sensit ive, e f f i c i e n t and accurate oxygen 
electrode technique in studying various aspects of the res -
piratory metabolism and also to compare the results obtained 
ear l ier by routine Warbug manometry. 
Studies on the trematode hemoglobins are important 
not only because that would provide an opportunity to specu-
late on the physiological signif icance of the occurrence of 
these pigments in anaerobic organisms, but they would also 
provide an insight into the intr insic physiological r e la -
tionship between the host and the parasites. 
Investigations on hemoglobin of trematodes are obvi -
ously important f o r better understanding of the invertebrate 
comparative biochemistry because functions l ike Og storage 
and transport, intiracellular oxidation and electron transfer 
are dependent on th is class of compound. Their studies 
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would not only reveal the true nature of th is pigment, but 
wi l l also provide evidences, i f any, on the phylogenetic 
relationship of trematodes on molecualr l eve l . 
A perplexing question which naturally arises is:Could 
the intermittent distribution of hemoglobin among the inver-
tebrates represent the descent of this molecxile from hemo-
globin- l ike ancestral proteins? Or, are we seeing the 
repeated development of oxygen binding heme protein as 
di f ferent invertebrates respond to similar environmental 
piressure? According to Plorking ( 1 9 6 3 ) . . . . "proteins such 
as hemoglobins change in structure along the phylogenetic 
derivation of the organism containing them and that i t i s 
possible to fo l low the changes f o r example from annelid 
hemoglobin to chlorocruorins of chlorohemians along a well 
defined segment of phylogeny and to recognize an aspect of 
the descent with change at the molecualr l eve l , as well as 
a common origin f o r d i f ferent proteins. On the other hand, 
the exsitence of hemoglobins, hemocyanins and hemeerythrins 
was an example of analogy. In this way common descent and 
not common b io log ica l action of the molecule appeared to 
me as leading concept into which comparative biochemistry 
could be b u i l t " . Svedberg in the 1930s, proposed that 
hemoglobin's sedimentation constant and b io lg i ca l kinship 
of the animal in which the pigment was found were related. 
Further, he suggested that the constancy of the molecular 
29 
weights of hemoglobins within certain animal groups might 
imply a similarity of chemical processes Triiich would lead 
towards the unique formation and structure of the groups' 
respiratory pigments. The regularit ies in molecular 
weight values that Svedberg found suggested to him that a l l 
hemoglobin molecules are bui l t up of multiples of 17,000 
daltons. Since that time many studies on the functions and 
remarkable structure of invertebrate hemoglobins have been 
carried out. 
The purpose of this work has been to characterize the 
hemoglobin of G. crumenifer in relation to oxygen sind to 
compare the various aspects of the respiratory metabolism 
of this species with other related and d i f ferent species 
of digenetic trematodes l iv ing in varying conditions of 
habitats in the same or d i f ferent hosts with the help of 
more advance oxygen electrode method now available. 
I t i s hoped that whatever l i t t l e has been accomplished 
by the present investigator would stimulate further research 
work on this topic in a comparative l e ss studied f i e l d of 
trematode physiology and biochemistry. 
Materials and Methods 
IN most previous studies f o r routine measurement of 
oxygen uptake "by parasites, e i ther the Warburg manometer 
or the Scholander respirometer have been used. For small 
trematodes or their larval stages, the Cartesian diver 
respirometer i s the standard equipment. The Winkler 
method i s used f o r dissolved oxygen. 
In the present investigation, polarographic method 
with Clark tjrpe oxygen electrode has been used f o r reasons 
described above. The YSI model 53 Biological Oxygen 
Monitor i s an integrated, automated instrumnet which pre-
c i se ly plots oxygen uptake or evolution curves on any 
100 mV chart recorder at a speed -which can be orders of 
magnitude more rapid than conventional manometric techniques. 
The basis of measurement i s centred upon the Clark type 
membrane-covered polarographic electrode operating in a 
well -control led, stable and compact environment. Since the 
electrode exhibits a high temperature c o e f f i c i e n t , the 
jacket temperature must be maintained to an accuracy of 
+ 0.2°C with a stuitable c i rculator , Clark type electrode 
i s sensitive to lack of flow and requires continuous 
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movemeni; of l iquid past the membrane to maintain steady-
state readings. 
The instrument has been designed as a l iquid phase 
system. Because in the l iquid phase the system o f f ers 
25 times the sensi t iv i ty of the conventional gas phase 
manometric system. As 1/25th of the oxygen in a given 
volume of gas can be dissolved in the same volume of l iquid 
while the partial pressure remains the same. To i l lus t ra te , 
i f a cuvette contained 2500 lal of ©2 in the gas phase, that 
same cuvette would contain 100 \il of O2 dissolved in the 
l iquid phase. I f a material were added to the chamber, and 
i t consumed 25 |a1 of O2 in any given unit of time, that 
wo\ald represent a 25% change of the to ta l oxygen available 
in the l iquid phase, but only 1% change in the gas system,. 
In operation the polarographic oxygen sensor measures 
the PO2 of the l iquid under t e s t . At the platinum surface 
the following reaction takes place: 
O2 + 2H2O + 4e = 40H'" or 2H2O2 
The sensor produces a current output propoirfcional to the 
amo\mt of oxygen to which the membrane i s exposed at a 
spec i f i c temperature. Without oxygen there is v ir tual ly 
no current. The current leaves the solution through a 
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s i l ve r - s i l ve r chloride reference electrode in the surroim-
ding reservoir of saturated KCl cased in an epoxy p last ic 
shaft which contains the platinum cathode and s i lver anode. 
The t ip i s closed by a gas-permeable, t e f l on FBP membrane, 
secured with an "0" ring. The membrane i s normally usable 
f o r about a week before requiring replacement. Oxygen con-
sumption by the sensor in air-saturated solution i s l ess 
than IQ-'^g/h. 
The sensor i s not an absolute device but requires 
calibration against a saturated solution as the so lub i l i ty 
of oxygen in question in a solution depends upon the tem-
perature and of course the composition of the solution. The 
system i s also sensitive to barometric pressure changes 
hence the cal ibration i s dependent to some extent on weather 
and alt i tute of the laboratory. A body of pure water in 
contact with normal atmosphere i s not in equilibrium with 
dry a i r but in equilibrium with a i r saturated at 100% re la -
tive humidity. Hence i t i s a variable qxxantity; so before 
calibrating the instrument the partial pressure of oxygen 
at a given place i s determined as fo l lows: 
PO2 = (Barometric pressure - vapour pressure x relative 
humidity) x of oxygen in a i r . 
The relative humidity and barometric pressure at Aligarh 
(191.5 m above sea leve l ) were obtained from the Physics 
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Department and % of oxygen in a i r and vapour pressiire of 
tTae solution at the required temperature were obtained 
from "Comparative Physiology of Respiration" by Jones 
(1972) and "Biological Laboratory Data" edited by Hale 
(1958) respectively. 
The amount of dissolved oxygen in ml/ l was then 
precisely calculated using the formtila: 
O2 = 
a X PO2 X 1 
P 
Where a = absorption coefficient, of oxygen at the required 
temperature 
p = barometric pressure at Aligarh at 191.5 m 
PO2 = partial pressure of oxygen at Aligarh 
1 = volume of solution in l i t r e 
The amount of dissolved oxygen in ml/ l was then 
conveted into i^l oxygen/ml. 
Studies on Oxygen Consumption; 
Presh crumenifer were obtained from the rumen of 
the naturally infected water buf falo , Bubalus bubal i s Ii., 
from the l oca l abattoir soon a f t e r the animals were slaugh-
tered and the worms were quickly expressed to the labo -
ratory. They were washed several times with saline 
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(NaCl, 0.85^) and f i n a l l y with incubating Hanks' saline, 
containing (FaCl 136.89mMi KCl 5.36mMj CaCl2 1.66mM} 
a^E -^pO^ 0.05mM; EH2PO4 0.44inM} NaHCO^  2.6lmM and MgSO^  
O.BlmM). 
All experiments related t o respiration were carried 
out in a self-designed water-jacketed glass c e l l , A tripod 
sieve was placed inside the c e l l f o r two reasons, f i r s t l y 
to rest the parasites on i t and secondaly to prevent any 
damage caused by the b u i l t - i n st irring magnet. The polaro-
graphic oxygen and the d ig i ta l temperature sensors were 
inserted into the jacketed c e l l thro\;igh the rubber bung. 
The meter reading indicated the amount of oxygen present 
in each ml of solution at the speci f ied temperature and 
pressure. The oxygen consumption curves were d irect ly 
registered automatically on a 100 mV YSI Model BOA single 
channel laboratory recorder having pressure sensitive chart 
paper attached to the oxygen monitor. The oxygen consumption 
was determined at 37°0 unless mentioned otherwise. 
The rate of oxygen consumption was determined by 
using the following formula: 
HlOg X ml X % X i i ^ T wet or dry weight 
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Normal Oxygen. Consumption: 
Known number of G. crumenlfer was placed in the c e l l 
containing Hanks' saline' maintained isothermically at 
37°C + 0 .2° . The oxygen consumption was recorded on a 
pressure sensitive chart paper recorder connected to the 
monitor. 
Ef fect of Temperature; 
The metabolic response in relat ion to oxygen consump-
t ion by the parasites was studied at 25» 30, 35, 37 and 40°C, 
Ef fect of Chemicals; 
The e f f e c t of the following respiratory inhibitors on 
the consumption of oxygen of the parasites were studied: 
potasium cyanide, sodium azide, sodium f luor ide , sodixua 
arsenate, sodium arsenite, malonate, iodoacetate, and 
diethyldithiocarbamate in the concentration of 1 x 10 M. 
Effect of Hydrogen Ion Concentration; 
The influence of hydrogen ion concentration (pH) on 
the oxygen consumption of the parasites was studied in 
Hanks' saline. The desired hydrogen ion concentrations were 
obtained by using 0.2M tris-maleate buf fer f o r pH 4 to 8 and 
0.2M glycine-NaOH buf fer f o r pH 9 to 10. 
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Effect of Osmotic Stress; 
The e f f e c t of osmotic stress on oxygen consumption 
of the parasites were studied in various sa l in i t i e s , pre-
pared according to Siddic[i and Lutz (1966). Hanks' saline 
was used to make up hjrpotonic (0-75^) and hypertonic 
(125-200)1) solutions with and without glucose (8mM). 
Ef fect of Drugs: 
The e f f e c t of the following various anthelmintic 
d27ugs on the consumption of oxygen of the parasites were 
—A —5 studied:mebendazole x 10 Mj fenbendazole 1 x 10 Mj hexa-
-4-
chlorophene and tetramisole-HCl 1 x 10 M. Mebendazole 
and fenbendazole both were f i r s t dissolved in the dimethyl-
sulphoxide (DMSO). The aliquots were then added to the 
incubating Hanks' saline to get f i n a l molar solutions. 
Likewise, hexachlorophene was f i r s t dissolved in 70% ethanol 
and then i t was added to the incubating medium accordingly. 
Tetramisole i s a water soluble anthelmintic drug. The 
properties of the anthelmintic drugs used are given in 
Appendix- I . Controls were run simultaneously containing 
similar quantities of DMSO ( f i n a l concentration, 0,1%). 
Studies on Mitochondrial Respiration; 
Fresh G. crumenifer were washed several times with 
normal saline and then homogenized in 0.25M sucrose solution 
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which i s isotonic to the mitochondria. The crude homo-
genates were made up to 10% solution and were centrifuged 
at 6,000g at 0-5^0 f o r about 10 min. The supernatant was 
taken and again centrifuged at 12,000g f o r 20-25 min at 
0-5°C to sett le down mitochondria. The yellow pel let was 
col lected and resuspended in a small quantity of the same 
sucrose solution and stored in the deep-freeze. It i s 
convenient to divide the material into small quantities 
before freezing since once thawed subsequent refreezing 
may reduce the mitochondrial ac t iv i ty . They were therefo2?e 
kept in small v ia l s and frozen f o r further study. On the 
whole they were never kept in the deep-freeze f o r long 
periods. 
Normal Oxygen Consumption by Mitochondria; 
Pyruvate, malate, succinate, adenosine diphosphate, 
malonate, oligomycin, sodium azide, potassium cyanide, 
salicylhydroxamic acid, e t c . , were obtained from Sigma 
Chemicals Company, U.S.A. 
Most of the solutions were prepared as concentrates 
and stored in the refr igerator , except f o r pyoruvate which 
was prepared fresh daily and oligomycin which was dissolved 
in absolute ethanol. 
Oxygen consumption was measured polarographically at 
with a Clark type oxygen electrode. The respiring 
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medium contained 263nBioles O2/I in 30mM KCl, 75mM sucrose 
ImM EDTA, 20mM KH2P0^  and 6mM MgCl2. The mitochondria 
and appropriate substrate were added and a f t e r measuring 
oxygen uptake the reaction was stopped with 5% perchloric 
acid. Protein content of the medi-um was determined by the 
method of Bradford (1976). 
Effect of Substrates; 
The respiration of mitochondira was also determined 
in the presence of the following substrates l ike succinate, 
pyruvate, and malate in the concentration of O.OIM. 
Effect of Inhibitors: 
Different "respiratory inhibitors in the presence of 
O.OIM succinate were:malonate O.OIM; potassium cyanide and 
sodium azide O.lmMj oxaloacetate O.OlMj salicylhydoxamic 
acid 5niM and oligomycin l(Ag per mg mitochondrial protein. 
Mitochondrial Adenosine triphosphatase; 
Speci f ic ac t iv i ty of mitochondrial adenosine triphos-
phatase ATPase was determined by the method of Kiel ley 
(1972) and i t s protein content was determined by the method 
of Bradford (1976). 
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Studies on Hemoglobint 
In the laboratory, the parasites were washed f i r s t 
with normal saline and then with Hanks' saline and were 
incubated f o r one-to two hours in this medium in a water-
bath kept at 37°C in order to allow shedding of eggs and 
intestinal contents. They were then stored in 2-3 ml of 
tris-HCl buf fer (pH 7.4) in a deep-freeze. The hemoglobin 
was extracted by alternately freezing and thawing the worms 
10-15 times a f ter the method described by Wharton (1941). 
The extract was centrifuged at 6,000g to remove the coarse 
debris f o r about 10-15 min at 0-5°C. The c lear supernatant 
was passed over a column of Sephadex G—25 (Pharmacia) to 
remove salts and the clear f i l t r a t e was kept f o r subsequent 
puri f icat ion. 
Partial Puri f ication of Hemoglobin: 
Partial puri f icat ion of the hemoglobin was carried out 
by ammonium sulfate precipitation method. 
The hemoglobin sample was centrifuged at 15,000g on 
a Beckman high speed refrigerated centrifuge (BeckmaJi J21-C) 
at 0»-5°C f o r about 25-30 min. The supernatant was dialysed 
overnight against tris-HCl buf fer (pH 7.4) at 4°C and again 
centrifuged at 15,000g at Solid ammonitun sulfate 
(AnalaR, grade) was added to bring the solution to an i n i t i a l 
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saturation of 55%, and then more ammoni\xm sulfate was 
added to Taring the solution to a f ina l saturation of 75%, 
The solution was dialysed overnight at 4°C in a dialysing 
"bag (No. 4465A, Arthur H. Thomas) and retained f o r column 
chromatography. 
Column Chromatography; 
Sephadex G—100 was suspended in enough buf fer 
(tris-HCl, pH 7.4) and properly stirred to remove any a i r 
bubbles. I t was then allowed to swell f o r three days at 
room temperature. A glass column (2 x 55 cm) was used f o r 
gel f i l t r a t i o n and a plug of glass wool and few glass beads 
were placed at the bottom of the column, which was approxi-
mately half f i l l e d with 0.05M tris-HCl buf fer containing 
O.IM KCl and the gel slurry was caref\illy added to bring 
the leve l to the top of the column. After a 5 to 6 cm layer 
of Sephadex had settled to the column, the column outlet was 
gently opened and the setting of the gel continued. More 
slurry suspended in buf fer was added to the column unti l a 
bed height of desired length was obtained and then a buffer 
reservoir was connected to the top of the column and flow 
of the column was maintained at a rate of 15 ml/h f o r about 
2 days. By th is time the gel bed had settled to a constant 
height. Even packing of the column was checked by watching 
the passage of a band of blue dextran through i t . 
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Partial ly purified hemoglo'bin was added to the top 
of the gel bed in 1 ml of buf fer . Under flow, the hemo-
globin was washed into the ge l with additional buf fer and 
then a buf fer reservoir was connected to the top of the 
column. Collection of the column ef f luent in fract ions 
was begun af ter the void volume. A fract ion of 2.5 ml 
each was col lected at a f low rate of 2.5 ml/h. The absor-
bance of each fract ion was measured both at 280 nm and 
412 nm and the elution pro f i l e of these fract ions were 
plotted against their absorbance. The major peak obtained 
at 412 nm was considered to be the parasite hemoglobin and 
was pooled and concentrated against sucrose and kept f o r 
molecular weight determinations. 
Molec\£Lar Weight Determinations; 
( I ) By Column Chromatography; The cal ibration curve was 
obtained by f i r s t eluting six marker proteins of known 
molecular weights— cytochrome C (12,000);sperm whale 
myoglobin (17,000); papain (21,000); egg albumin (45,000); 
bovine hemoglobin (67,000) and bovine serum albumin 
(68,000). The partit ion coe f f i c i en t f o r each protein was 
calculated from the formula proposed by Andrews (1964); 
V - V T^  _ _e 10 ^av ~ V^ -
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where Vg=elution. voliime, V^svoid volume, and V^='bed volume, 
The molecular weights of the known marker proteins 
were plotted against their values and a straight l ine 
curve was obtained. 
The molecular weight of parasite hemoglobin obtained 
at 412 nm was detemined on the abscissa by extrapolating 
the values obtained experimentally on the ordinate, av 
Prior to molecular weight determination homogeneity of the 
hemoglobin was checked by electrophoresis (without SDS). 
( I I ) By Sodium Dodecyl Sulfate Polyacrylamide Gel Electro-
phoresis: Acrylamide, N, H'-methylene-bis-acrylamide, 
and 1, N, N', N'-tetramethylethylenediamine were obtained 
from Koch-Light Laboratories, England; ammonium persulfate 
and glycine from Riedal, Germany; t r i s (hydroxymethyl) 
aminomethane, and sucrose (AnalaR, grade) from BDH, England; 
p-m^rcaptoethanol, g lac ia l acet ic acid, perchloric acid and 
methanol from B. Merck, Germany; coomassie br i l l iant blue 
G-250, f2?om Pluka, AG, Switzerland; sodium dodecyl sxilfate 
from Hopkins and Williams, England and bromophenol blue, 
from Sarabhai M, Chemicals, India, dialysing bag. No. 4465A, 
from Arthur H. Thomas, U.S.A. 
Purified and homogeneous hemoglobin was used f o r 
SDS-PAG electrophoresis for, the determination of molecular 
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weight by the method of Laemmli (1970). The tank assembly 
f o r electrophoresis was obtained from Shandon, England, 
An A.C. mains power pack (Toshniwal) with D.C. current out-
put was used as the power supply. 
a) Preparation of Protein Sample; Protein samples were 
prepared by heating 100 log protein in 100 pi sample buf fer 
containing 10% sucrose, p-mercaptoethanol, SDS and 
0.0625M tris-HCl buf fer (pH 6.8) f o r 4-5 min at 100°C in 
boil ing water-bath, then 5 Ul of 0.1% bromophenol blue was 
added as a tracking dye marker. 
b) Preparation of Gels; The electrode buf fer (pH 8*3) 
contained 0.025M t r i s , 0.192M glycine and O.T/ SDS. The 
gel solution contained 10 ml of tris-HCl buf fer (pH 8 .8 ) , 
16.7 ml of 30% acrylamide, 0.8% bisacrylamide and 13.2 ml 
of d i s t i l l ed water. The gels were polymerized chemically 
by the addition of 10 \xl (by volume) of TEMED (ET, N, N' , 
N'-teramethylenediamine) and 0.12 ml of 10% freshly prepared 
ammonium persulfate. The f ina l concentrations of the gels 
were as fo l lows; 0.375M tris-HCl and Ool% SDS. 
After mixing the gel solution, each tube was f i l l e d 
with approximately 2 ml of the gel solution. Before the 
gel hardened a few drops of d i s t i l l e d water were layered 
careful ly , with the help of a 22 gauge needle f i t t ed in the 
hypodeirmic syringe, on top of the gel solution. After 
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30 to 40 min an interface was seen indicating that the 
gel had s o l i d i f i e d . Just "before use the water layer was 
sucked o f f , and the tubes were placed in the e lec t ro -
phoresis apparatus. 
Prior to electrophoresis, the glass tubes (10.5 cm 
long with an inner diameter of 0.5 cm) were f i r s t washed 
with a detergent (Teepol, Burmah Shell) and then with 
chromic acid. The tubes were f i n a l l y rinsed with deionized 
water and were s i l iconized with 1% solution of S i l i c lad 
(Clay Adam, New Jersey). 
c) Application of Samples; Prom 25-50 nl of protein 
solutions were applied on the ge ls . Gel buf fer was care-
f u l l y layered on top of each sample to f i l l the tubes. The 
two compartments of the electrophoresis apparatus were 
f i l l e d with gel buf fer . Electrophoresis was performed in 
column of gels containing 7%, 10% and 12.5% acrylamide. 
The best result was obtained in 12.5X acrylamide. Electro -
phoresis was carried out at a constant current of 3mA per 
gel with posit ive electrode in the lower chamber unti l the 
bromophenol blue, the tracking dye marker, reached the 
bottom of the ge l . After electrophoresis, the gels were 
immediately removed from the glass tubes by gently rimming 
them with a 22 gau^e needle through which a thin stream of 
water was made to pass between the gel and the glass wall. 
Before staining, small piece of black nylon was inserted 
45 
at the middle of the bromophenol blue "band as i t used to 
disappear during the process of f i x ing . The gels were 
f i r s t f ixed with perchloric acid , methanol and water 
(5:20:75) f o r at least half an hour before staining. 
d) Staining and Destaining; The f ixed gels were then 
placed in small tubes f i l l e d with staining solution prepared 
by dissolving 40 mg coomassie b r i l l i ant blue G—250 in a 
mixture of perchloric acid, methanol and water in the rat io 
of 5:20:75. Insoluble materials were removed by f i l t e r i n g 
through Whatman f i l t e r paper No. l , Staining was carried out 
at room temperature. The gels were stained overnight, then 
removed from staining solution, rinsed with d i s t i l l e d water, 
and placed in destaining solution, (5 ml of acetic acid, 
20 ml of methanol, and 75 ml of water) f o r a minimum of 
one hour. The gels were further destained in a self-designed 
destainer using destaining solution. The gels were stored 
in 7% acet ic acid solution. The distances covered by the 
dye and the protein were measured. 
For making the cal ibration curve, the following marker 
proteins were used: cytochrome C, egg albumin, myoglobin and 
bovine serum albumin. The molecular weights of the marker 
proteins were plotted against their Rj^^ values and a straight 
l ine relationship was obtained. The molecular weight of 
G. crumenifer hemoglobin was determined by extrapolating the 
R^ value obtained experimentally on the ordinate. 
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Oxygen Af f in i ty : 
The oxygen binding capacity of the ti® mat ode hemo-
globin was determined by the method of Longmuir and Chow 
( 1970) . In this method oxygen tension (PO2) of a solution 
of hemoglobin i s continuously monitored polarographicallyo 
The sample i s f i r s t deoxygenated by a heart muscle pre-
paration and the oxygen content i s increased by known 
mounts by e l e c t ro lys i s . 
The water jabketed glass ce l l described above was 
f i l l e d with a supporting solution of O.OIM a ir saturated 
phosphate buffer , pH 7.4, containing 3mM succinic acid as 
an energy source f o r the heart muscle preparation (HMP). 
Appropriate amount of hemoglobin followed by HMP ( i t s 
preparation in f a l l i s described in Appendix-II) was added. 
The oxygen electrode waS' inserted into the c e l l through a 
rubber bung. The oxygen-generating electrodes, d ig i ta l 
temperature sensor and in let and outlet also passed through 
the bung. When a l l the oxygen was removed from hemoglobin 
buf fer mixture by HMP, i t s ac t iv i ty was completely inhibited 
by the addition of 0.6 ml of oxygen-free 0»5M oxaloacetic 
acid solution. Oxygen was then generated by e lec t ro lys i s 
(deta i ls in Appendix-n) by passing constant ampere of 
current in the solution intermittently with the help of an 
ON-OPF Timer operating automatically through a switch device 
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f o r a set period of time such that at the end of each 
period of generation, enough time was allowed to enable 
the oxygen electrode to respond. The oxygen dissociat ion 
curves were registered on a pressu2:e sensitive chairt paper 
recorder mentioned ear l ier . The experiment was conducted 
at 30°C. 
Results and Discussion 
1. Normal Oxygen Consumption; 
THE results of the oxygen consumption of &. orumeni-
f e r in the presence and absence of glucose have been summa-
rized in Table 1. It can be seen from the results that the 
oxygen consumption in the presence of glucose i s more than 
in the absence of glucose. The dif ferences in the rate of 
oxygen uptake appear to be great i f one looks at the QO2 
values, however, the same are reduced when one looks at the 
VOg values. 
Though there are a nmber of reports on the oxygen 
consumption of trematode parasites from the environments of 
varying oxygen tensions reviewed by Nizami and Siddiqi (1982), 
i t i s quite d i f f i c u l t to evaluate and make comparisons of the 
results of the previous and present studies since the experi-
mental conditions, instruments and parameters used by previous 
workers vary from each other. 
In the present study, the QO^  as well as the VOg 
values of G. crumenifer, a parasite of buf falo rumen, in the 
absence of glucose are 0.431 and 0.128, respectively. However, 
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TABLE I 
Normal Oxygen Consumption in G-astrothylax crumenifer 
Host/Location 
QO2 VO2 
With g lu - Without With g lu- Without 
cose M+SE glucose M+SE cose M+SE glucose M+SE 
Buffalo/Rumen 0.519+.011 0.431+.023 0.135+.012 0.128+.011 
QO2 = 111 ©2 consumed/mg dry wt/h} 
VO2 = ixl O2 consumed/mg wet wt/h. 
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in the presence of glucose the same values are increased to 
0.519 and 0.135 respectively. Goil (1958) has reported the 
QO2 value of 0.319 f o r G. crumenifer in the absence of 
glucose. Nizami and Siddiqi (1978a) have reported the VOg 
of 0.101 and their QOg values in the absence and presence 
of glucose are 0.234 and 0.322 respectively f o r the same 
parasite from the same host and habitat. Although their QOg 
as well as VO^  values are comparable with the results of 
present investigation on the one hand but are not very close 
to each other on the other hand. V/hen a l l the conditions 
are similar, why the QOg as well as VOg values are so d i f -
ferent? 3?his disparity in the QO2 and VOg values may be due 
to the di f ferent techniques employed. Previous authors have 
determined the oxygen consumption using Warburg manometric 
technique which i s not supposed to be as sensitive as the 
polarographic technique which has been used in the present 
study. Further, in the case of rumen parasites, the d i f -
ferent species of trematodes l iving side by side in the same 
habitat show slight di f ferences in their oxygen consumption. 
Laza2?us (1950) reported a QOg value of 0.03 f o r P. cervi , 
Nizami and Siddiqi (1978a) observed a QOg of 0.125 f o r 
S. indica and aoi l (1961) recorded a QOg value of 0.023 f o r 
C. indieum. 
Animals generally f a l l into one of the two categories 
in their response to varying oxygen tensions. In one group 
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the rate of oxygen uptake i s dependent upon the external 
oxygen tension, i . e . , the oxygen uptake rate decreases or 
increases proportionately with the amount of available 
oxygen; animals which respond in this manner are called 
conformers. Apparently in these animals the change in 
oxygen tension alters the metabolic ratej this may be due 
either to a di f ference in ac t i v i ty , or because of increased 
e f f i c i ency on the part of the organism. In the second group, 
animals are re lat ive ly independent of the external oxygen 
tension down to the some low c r i t i c a l value (known as the 
c r i t i c a l oxygen tension or Pc) and at this point the oxygen 
consumption declines rapidly. These animals are termed as 
regulators (Vemberg, 1963). The response of invearfcebrate 
to di f ferent oxygen tensions has been reviewed in detai l by 
von Brand (1946) and Zeuthen (1955). The respiratory rates 
of most of the adult trematodes studied show a dependency on 
oxygen tension: S. mansoni (Bueding, 1949), F. hepatica 
(Hamisch, 1932) and G. adunca (Hunter and Yemberg, 1955j 
Vemberg, 1963). Both Harnisch (1932) and van Grembergen 
(1949) used minced F. hepatica tissue and obtained conf l i c t ing 
results, while the former claimed dependency of the respira-
tory rate on the oxygen tension, the l a t t e r worker found no 
dependency on the oxygen tension. In a l l these studies, 
however, the measurement has been made over a wide range and 
except f o r the study of Hamisch (1932), at oxygen tensions 
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well above those which, would be encountered in vivo. 
Freeman (1962) with the help of volumetric respirometer 
measured the oxygen uptake of P. subtenuis and concluded 
that passive d i f fus ion would be su f f i c i ent to sat is fy the 
needs of the trematodes f o r oxygen i f the external pressure 
was above 24 mm Hg. The hemoglobin in the parasite probably 
has no respiratory function except, perhaps, when the oxygen 
tension i s lowered, the lamellibranch host c loses i t s valv.e. 
Large variations in oxygen uptake in trematodes from 
various hosts and habitats i s probably due to the di f ferences 
in oxygen tension, species, size and age of the worms, e t c . 
The significance of oxygen uptake in the metabolism 
of parasites i s d i f f i c u l t to explain. I t has been opined 
that oxygen may play a more important ro le in the production 
of intermediate compounds of metabolism than in the produc-
t ion of energy (Read, 1956), however, in some species, both 
these processes are l ike ly to be occurring in paral le l . He 
further suggested that " i f oxygen is ut i l i zed by t issues, a 
concentration gradient from the peripheral to the central 
tissues wi l l result ; the tension in the central region may 
be zero. I f byproducts of the central anaerobic metabolism 
could di f fuse to the peripheral t issues , they could be 
oxidized there; conversely, peripherally oxidized products 
could be available, a f ter d i f fus ion in the centre". Usually 
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oxygen i s ut i l i zed in oxidation of carbon atoms, to COg, in 
the terminal oxidation processes. 
I I . Ef fect of Temperature; 
The e f f e c t of temperature on the oxygen consumption 
of G. crimenifer was studied at f i v e d i f ferent temperatures 
ranging from 25 to 40°C. The results have been summarized 
in Table I I and Fig. 1. The maximum oxygen consumption has 
been obseinred at 40®C. Increase in temperature results in 
gradual increase of QOg rates and at 40°C i t i s twice as 
much as at 25^0. Due to the limited range of the oxygen 
b io log ica l monitor, i . e . , from 25 to 40°C, studies on other 
temperatures could not be conducted. 
One of the most important factor during the metabolic 
ac t iv i ty of parasites i s the environmental temperature. 
Some complete their entire l i f e cycle at the high temperature 
characteristic f o r homeothermic hosts, whereas the parasites 
of poikilothermic hosts l ive under more variable temperature 
conditions. Many parasites alternate between warm- and cold 
blooded hosts, e . g . , digenetic trematodes with their l i f e 
cycle stages passing throxagh the outside world. Obviously, 
the largest temperature fluctuations are encountered by the 
digenetic trematodes. Trematode parasites are more pro-
noiinced than those to which aquatic invertebrates are exposed, 
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TABLE II 
Ef fect of Temperature on the Oxygen Consumption of 
Gastrothylax orumenifer 
TEMPERATURE °C 
25 30 35 37 40 
0.269+.010 0.394+.025 0.410+.013 0.432+.023 0.541+.084 
Mean values are in jilOg consumed/mg dry wt/h + standard error. 
Fig. 1. Ef fect of temperature on the oxygen consump-
tion of Gastrothylax crumenifer. 
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but probalDly not much more so than those encountered by-
some terrestr ia l invertebrates, e . g . , insects. 
The data concerning the e f f e c t of temperature on 
the oxygen consumption in trematodes i s meagre and not many 
species from various hosts and habitats have been studied. 
The e f f e c t of temperature on the respiration is of conside-
rable importance in parasites of poikilothermic animals, as 
Vemberg (1961) and Vemberg and Hunter (I96l) have pointed 
out that once the temperature i s raised a few degrees above 
the temperature to which the parasite i s normally subjected 
to in i t s natural habitat, the respiration rate i s depressed. 
Vernberg and Hunter (1961) studied the e f f e c t of temperature 
in three trematodes. G. adxinca from the bird showed increa-
sing respiration rate up to 41°C', the turt le parasite, 
P. malaclemys showed increased oxygen uptake to 36°C, and 
the f i s h parasite S. beauforti , showed an increased resp i -
ration rate only up to 30°C. Though the pattern of the 
results of the present study are comparable with the results 
discussed above and also with the results obtained by Nizami 
and Siddiqi (1978a). However, the QOg values obtained in 
the present investigation at various temperatures (25-40°C) 
are not concordant with the results of the l a t t e r in case of 
cJ^umenifer. Nizami and Siddiqi (1978a) have reported low 
QO2 values of the oxygen consumption of the same parasite 
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using manometric technique whereas the same have been 
recorded high with the help of the oxygen electrode in the 
present investigation. However, the respiratory rate, which 
i s maximiim at 40°C, re f l e c t s the temperature characteristics 
of the mammalian host of G. crumenifer in the present study. 
Interestingly, corresponding di f ferences also occur 
in some larval worms, even though they develop under ident i -
cal temperatures. Although both rediae of H. quissetensis 
(adults in birds) and the sporocysts of Zoogonus rubellus 
(adults in f ishes) develop in Nassarius obsoletus. maximal 
respiratory rates are observ ed at 41°C and 50®C, respectively 
(Vemberg, 1961). It i s also interesting to note that the 
respiration of the' f ish inhabiting immature S. solidus 
increases up to 40°C since the adult i s a bird parasite 
(Davies and Walkey, 1966). Resistance to elevated temperature 
by these larvae could be explained as a preadaptation to 
parasitism in their respective hosts. Hence i t may be sug-
gested that the temperature f luctuation tolerated by the 
parasites (adults or larvae) r e f l e c t the temperature charac-
t e r i s t i c s of the f ina l hosts and i s evident not only at 
higher temperature but also at lower temperattires. I t seems 
probable that th is tolerance to high temperature i s genet i -
ca l ly determined (Vemberg and Hiznter 1961). Such type of 
studies would be interesting t o explore the s imilar i t ies and 
dif ferences between the parasites of poikilothermic and 
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homeothermic animals which might exist as a consequence 
of niche special ization. Rao and Bullock (1954) pointed 
out that the temperature of the habitat influences the 
respiration of the free l iv ing animals i . e . , the QOg values 
are lowest in the temperature ranges which approximate that 
of the habitat. Yemberg and Hunter (1961) are of the 
opinion that this may be also true f o r endoparasites. 
I l l Ef fect of Chemicals; 
The e f f e c t of several inhibitors and stimilators on 
the oxygen consumption of G. crumenifer has been studied 
and the results are given in Table I I I and Fig. 2. I t can 
be seen from the results that oxygen consumption has been 
maximally inhibited by potassium cyanide and the least 
inhibit ion has been with sodiiim arsenite whereas sodium 
arsenate has stimulated the rate of oxygen uptake. Among 
the chemicals tested, some are better and more e f f e c t i ve 
inhibitors of oxygen consumption than others. 
The QOg value of G. crumenifer in the presence of 
iodoacetate in the present study i s 0,276 which corresponds 
to 52.68% inhibit ion of oxygen consumption. Iodoacetate 
inhibit ion of oxygen consumption by trematode parasites has 
also been reported by Nizami and Siddiqi (1978b). They 
observed 64/!^  inhibit ion by I . hypselobagri and S. indica 
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TABLE I I I 
Ef fect of Chemicals on the Oxygen Consumption of 
G-astrothylax crumenifer 
Additives 
QO, 
M+SE 
Percent change 
Present study Nizami and Siddiqi(1978b) 
Control 0. .410+. 012 -
lodoacetate 0. .276+. 034 -32. .68 -59. ,63 
Malonate 0. ,308+. 023 -24. ,88 -56. .37 
KCN 0. .161+. 010 -60. .73 -72. .34 
NaF 0. .349+. 033 -14. .87 -27. ,52 
FaN^ 0. .221+. 024 -46. .09 
Na-arsenate 0. .455+. 029 +10. .97 
Na-arsenite 0. .407+. 023 -00. .70 -56. .33 
DEDC 0. .397+. 026 -03. .17 -18. .80 
Mean values are in p,102 consumed/mg dry wt/h + standard error. 
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while i t was only 59.60% and 56.50% by G. crumenifer and 
explanatum respectively (Table I I I ) . Further, the QOg 
value reported by them in the presence of iodoacetate i s 
0.088 in G. crumenifer which i s very low as compared with 
the present investigation. 
The iodoacetate inhibit ion of oxygen consumption 
indicates the presence of glyceraldehyde phosphate dehydro-
genase, an enzyme which helps in the breakdown of glycogen 
to lactate , and triosephosphate dehydrogenase in the present 
parasite. The former enzyme has been reported histochemi-
cal ly as well as electrophoretical ly by Alam (1984) in 
G. crumenifer. 
Malonate i s the most e f f e c t ive inhibitor of the 
Krebs cycle enzymes and i s also a good inhibitor of oxygen 
consumption in trematodes. The QOg value of G. cramenifer 
in the presence of malonate i s 0.308 which corresponds to 
24.80%, inhibit ion of oxygen consumption and such inhibition 
was also reported in trematodes studied by Nizami and 
Siddiqi (1978b). They observed a QOg value of 0.095 and 
56.57% inhibit ion in the presence of malonate in the parasite 
in question. van Grembergen (1949) observed 15% inhibit ion 
in respiration by F. hepatica. Similarly Yemberg and Hunter 
(I960, 1963) found that respiration of 6. adunca and 
H. quissetensis was inhibited by malonate. 
Fig. 2. Ef fect of various chemicals on oxygen 
consumption of G-astrothylax cramenifer. 
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The malonate inhibit ion of respiration which predicts 
the presence of succinate dehydrogenase in the present para-
site has been studied histochemically and electrophoret i -
cal ly by Alam (1984). 
The maximuin inhibit ion in oxygen uptake of G. crume-
n i fer was found in the presence of potassium cyanide which 
causes 60.73% inhibit ion. Contrary to the present study, 
ear l ier Lazarus (1950) and Prichard and Schofield (1971) 
reported that cyanide stimulated irather than depressed the 
rate of respiration in P. cervi and F, hepatica, respectively. 
I t i s obvious that the oxygen consumption can be inhibited in 
various ways. F irst ly , the actual respiratory enzyme may be 
impaired when the cytochrome i s blocked by cyanide. Secondly, 
the overall oxygen consumption can be cut down to various 
degrees depending upon the ava i lab i l i ty of alternate meta-
bo l i c pathways, i f a compound inhibits certain metabolic 
sequence, above the stage where hydrogen i s activated. 
Therefore, the increase in the rate of oxygen ut i l i za t i on 
in Po cervi" and F, hepatica as observed by them may be due 
to the presence of a functional cytochrome system or other-
wise the residual ac t iv i ty may be due to aerobic dehydro-
genases idiich can transport O2 without passing along the 
cytochrome. However, Bueding (1949) has pointed out that 
stimiilation or inhibition i s not spec i f i c enough to really 
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prove the absence or presence of a fxinctional cytochrome 
system. I t should he emphasized that cyanide inhibi t ion 
gives no clear cut indication as to the nature of the 
respiratory system present. Contrary to the observations 
made by Lazarus (1950) and Prichard and Schofield (1971) 
our results on KCN inhibit ion are in agreement with the 
restilts obtained by other workers with d i f ferent and same 
species of trematodes: G. crumenifer. G. explanaturn, 
S. indica and I . hypselobagri (Mizami and Siddiq.i, 1978b), 
F, hepatica (van Grembergen, 1949), S. mansoni (Bueding, 
1950} Ross and Bueding, 1950}. Bueding and Charms, 1951j 
Bueding, Peters, Koletsky and Moore, 1953) and D. dendriticum 
(Ecckert and Lehner, 1971).. I t i s therefore suggested that 
one should not accept the findings of Lazarus (1950) and 
Prichard and Schofield (1971) without fuirther reinvestigation. 
The QOg value in the presence of sodium f luoride i s 
0.349 and i t has inhibited the oxygen uptake to the extent 
of 14.80% in G. crumenifer. Bueding (1950) found that 
f luoride produces a generallized depression in respiration 
of schistosomes. Nizami and Siddiqi (1978b) have also 
repo'rted the depression in respiration of four species of 
digenetic trematodes to the same extent. The present 
investigation also supports their f indings. Except that 
the QO2 value reported by Nizami and Siddiqi (1978b) i s 
half of the present value in case of G. crumenifer. Oxygen 
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uptake i s a measure of metabolic ac t iv i ty in an organism 
and Islam (1974) obseirved that glucose u t i l i za t i on by 
G. crumenifer and G. explanatum was greatly inhibited in 
the presence of p-chloromerouric benzoic acid, potassium 
cyanide, sodium fluoride and iodoacetate which also ind i -
cated the important relationship between respiration and 
glucose ut i l i za t i on . 
Sodium azide inhibited the oxygen uptake in 
G. crumenifer to the extent of 46% and i s next to cyanide 
in oxygen depression. Our resiilts of NaN^ inhibit ion on 
oxygen consumption of G. cinimenifer are in agreement with 
the results obtained by van Grembergen (1949) and Prichard 
and Schofield (1971) f o r P. hepatica and by Magzoub et 
(1971) f o r S. mansoni. 
There i s no report of the e f f e c t of sodium arsenate 
on the oxygen consumption of trematodes. However, in the 
present study the sodium arsenate was found to stimulate 
(about 11%) the oxygen consumption of G. cramenifer. 
The QOg value of G. crumenifer in the presence of 
sodium arsenite in the present study i s 0.407 and the 
percentage inhibit ion i s negligible while Nizami and Siddiqi 
(1978b) reported signif icant inhibit ion in trematodes but 
their QO2 value of G. crumenifer i s very low (0.095) and i s 
one-fourth of the present value. 
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The e f f e c t of diethyldithiocarbamate (DEDC) on the 
oxygen consumption i s s l ight ly inhibitory. I t causes 
only 3.17% inhibit ion in oxygen uptake by G. crumenifer. 
However, Nizami and Siddiqi (1978b) have noticed maximtua 
inhibition (25%) in G, explajiatum. a parasite of buf falo 
l i v e r and (23%) in I . hypselobagri. a parasite of f i s h 
swim bladder while in G. crumenifer. a parasite of buffalo 
rumen they have also reported l ess inhibit ion (18.8%) of 
oxygen consumption in the presence of DEDC, Vemberg and 
Hunter (i960) found that DEDC depressed the oxygen uptake 
by 60% in G, adunca. Jodrey and Wilbur (1955) reported 57% 
inhibit ion in oxygen uptake in oyster mantle in the presence 
of th is compound. Mansour (1958) revealed that DBDO inhibits 
phenol oxidase ac t iv i ty in P. hepatica. 
So far as the mode of action, of the chemicals 
discussed above, i s concerned in stimulating or depressing 
the oxygen uptake, one could make many speculations. One 
of the p o s s i b i l i t i e s may be that the inhibitors a l ter the 
cellTilar structure of the external covering by causing 
denaturation of the proteins of the plasma membrane. Secondly, 
these compounds act as enzyme inhibitors in oxidative meta-
bo l i c pathways and depress the oxygen consumption. 
IV Ef fect of Hydrogen Ion Ooncenti^ation: 
The results of the e f f e c t of pHs (from acidic to 
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TABLE IV 
Ef fect of pH on the Oxygen Consumption of 
Gastrothylaz crumenifer 
pH 
4.0 5.0 6.0 7.0 8.0 9.0 10.0 
0.316 + 0.365 + 0.480 + 0.410 + 0.358 + 0.378 + 0.279 + 
o;oi2 0.014 0.020 0.013 0.009 0.015 0.011 
Mean values are in iil02 oonsumed/mg dry wt/h. + standard error. 
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alkaline) on the oxygen consumption of G. cinxinenifer are 
given in Table lY and Fig. 3. I t i s apparent from the 
results that i t has two peaks, one in ac id ic and another 
in alkaline range. However, the major peak i s at pH 6 and 
the minor one i s at pH 9. The oxygen consumption at pH 6 
seems to be optimum at which the parasites consume oxygen 
at a steady rate. In spite of that i t is also evident that 
the oxygen uptake by the parasites in the acidic as well as 
in the alkaline range of pHs varies irregxilarly. This i s 
probably because the rumen parasites are subjected to f r e -
quent changes of their surrounding medium. Further, the pH 
range of the rumen i s f a i r l y broad and depends upon the diet 
and stage of digestion of the host. Higher values occur in 
the rumen of ruminants, the pH surpassing occasionally 9. 
The results of the present study indicate that the respira-
t ion of parasites depends upon the pH of the surrounding 
medium or micro-environment in which these parasites l i ve 
and support the fact that the nature of the habitat has 
influenced the physiological characteristics of the parasites 
l iving in that habitat. 
The degree of resistance to pH changes depends in 
most cases on the permeability of the outer covering of a 
parasite and because i t s protoplasm i s insensitive to such 
changes. So i t i s quite clear from the results of the present 
Pig. 3. Ef fect of pH on the oxygen constimption 
of G-astrothylax crumenifer. 
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study that the parasites are not well protected by the 
external membrane so far as the adaptation to pH i s 
concerned. 
The influence of hydrogen ion concentration on 
respiratory metabolism has been occasionally studied in 
digenetic trematodes. Only Bueding in 1950 and ITizami and 
Siddiqi in 1978a have studied the e f f e c t of pH on oxygen 
consumption of some digenetic trematodes. 
While working with S. mansoni. Bueding (1950) found 
that the respiration remains more or l e s s unchanged at a pH 
range of 6.8 to 8.9. Below pH 6.8 the oxygen uptake dec-
reases and also any increase in the leve l of pH above 8.9 
resulted in a l e s s sharp reduction in the rate of respiration, 
von Brand (1973) pointed out that the optimum pH range f o r 
the respiration of parasites remains approxiamtely unaltered 
and varies from species to species and also stated that too 
few data are available to allow any generalizations. The 
results of the present investigation do not conform with the 
results obtained by Fizami and Siddiqi (1978a). However, 
the present resTilts are in accordance x^ith the res\ilts 
reported by Walkey and Davies (1968) f o r S. solidus, a 
cestode. 
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V. Ef fect of Osmotic Stress; 
Though the e f f e c t of osmotic stress on the respira-
tory exchange has been carried out in a number of organisms 
by many workers, very l i t t l e i s knom about the same in 
helminths in general and nothing i s known in trematodes in 
particular. I t has been studied only once in a digenetic 
trematode, H. medioplexus by Bair and Peters (1971). In 
ear l ier studies on osmotic regulation of digenetic trema-
todes (Siddiqi and Lutz, 1966$ Siddiqi et a l . , 1975), 
percent change in body weight was used as a parameter of 
osmotic behavior.'. 
In the present investigation G. crumenifer were sub-
jected to osmotic stress (hypotonic and hypertonic Hanks' 
saline with and without glucose) and oxygen consumption v/as 
determined. At the end of the experiment changes in body 
weight were also estimated. 
The results of the e f f e c t of osmotic stress (with and 
without glucose) on the oxygen consumption of G. crumenifer 
are shown in Table V and Figs. 4-6. The results of the 
percentage change in body weight in various di lutions of 
Hanks' saline are shown in Fig. 7. 
I t can be seen from the results that the rates of 
oxygen consumption under various stress conditions have been 
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TABLE V 
Effect of Osmotic Stress on Oxygen Consumption of 
G-astrothylax cramenifer 
Hanks QO2 with "/« change QO2 with- Vj change 
glucose in QO2 out glucose in QO2 
0 0.490+.022 -05.59 0.255+.013 -40.80 
25 0.427+.020 -17.72 0.265+.015 -38.50 
50 O.41O+.OI3 -21.00 0.329+.019 -23.70 
75 0.435+.019 -16.18 0.585+.028 +35.70 
100 (control) O.519+.OII 00.00 O.431+.O23 00.00 
125 0.517+.018 -00.38 0.367+.026 -14.90 
150 O.514+.OI8 -01.00 0.262+.036 -39.00 
175 0.447+.025 -13.80 0.243+.060 -43.60 
200 0.309+.010 -40.40 0.198+.061 -54.00 
Mean values are in p-lOg consumed/mg dry wt/h + standard error. 
Pig, 4. Rate of oxygen consiunption of Gastrothylax 
crumenifer in various concentrations of 
Hanks in th.e absence of glucose. 
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Pig. 5. Rate of oxygen consumption of Gastrothylax 
crumenifer in various concentrations of 
Hanks in the presence of glucose (8 mM). 
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depressed except in one case (75/S Hanks' without glucose) 
where i t i s increased. The decease in QO2 in. various 
percentage of Hanks' i s dependent upon the tonic i ty of the 
solution. The QO2 value i s inversely proportional to the 
tonic i ty of the solution i . e . , a decrease or increase in 
tonic i ty decreases the QO2 value. The QOg values have 
decreased both in hypotonic as well as in hypertonic 
solutions. Further, 757o Hanks' saline without glucose seems 
to he isoosmotic f o r these worms. The e f f e c t of osmotic 
stresses (0-200/c) on the oxygen consumption of the parasite 
in question are more pronounced in the absence than in the 
presence of glucose. For example, in 200% Hanks, the per -
centage change in QOg in the presence of glucose i s -40.40 
whereas the same i s -54.00 in the absence of glucose. I t i s 
also evident from the results that the extreme hypotonicit ies 
as well as hypertonicit ies are inimical to the oxygen consump-
tion in the parasite. And both the extremes are therefore 
deleterious to the parasites and they become moribund in 
both the solutions. So i t could be inferred that there are 
very narrow l imits to the environment within which the worms 
can l i v e normally. This speciation would apparently not 
permit ease of adaptation to media of d i f ferent osmotic 
pressures. 
Pig. 6. Percentage change in oxygen consximption 
of G-astrothylax cr-uiaenifer in various 
concentrations of Hanks with- and with-
out glucose. 
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Fig, 7. Percentage change in body wet weight of 
Gastrothylax crumenifer a f ter about an 
hour in various concentrations of Hanks 
with and without glucose (8 mM). 
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In extreme hypotonic solution i . e . , in d i s t i l l e d 
water, the worms behave as osmometers, "becoming elongate, 
turgid, and swollen and gain maxium weight} likewise in 
the hypertonic solution the worms become shrivelled l ike 
resins and lose weight (Fig. 7) . The l oss in weight i s 
reciprocal to the tonic i ty of solutions, an increase in 
ton ic i ty of the medium increases the l o ss in weight of the 
parasite. The gain in weight i s inversely proportional to 
the ton ic i ty of the solution i . e . , a decrease in ton ic i ty 
increases the gain in weight of the parasite. 
VI Effect of Dru^ srs; 
The e f f e c t of some anthelmintic drugs on the oxygen 
consumption of G. crumenifer was studied and the restilts 
are shown in Table YI and Pig. 8. Out of the four anthel-
mintics tested only three s igni f i cant ly depress the oxygen 
consxxmption. Hexachlorophene (about 47%) and tetramisole 
(about 45%) maximally inhibited the oxygen consumption 
whereas mebendazole has a moderate e f f e c t (about 24%) and 
fenbendazole (about 5%) only s l ight ly depresses the oxygen 
consumption. 
There are numerous reports on the e f f e c t of anthel-
mintics on the enzyme a c t i v i t i e s of the helminths studied 
in v i t ro . However, in vivo studies of the same are very 
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TABLE VI 
Effect of Drugs on the Oxygen Consumption of 
G-astrothylax crumenifer 
Additives QO, Percent inhibit ion 
Control 
Hexachlorophene 
Tetramisole 
Mebendazole 
Eenbendazole 
0.452 + .023 
0.228 + .025 
0.237 + .015 
0.325 + .018 
0.412 + .020 
47.23 
45.14 
24.77 
04.63 
Mean values are in filO- consumed/mg dry wt/h + standard error . 
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meagre. Ef fect of anthelmintics on the TCA cycle and 
g lyco lyt i c enzymes of helminths has been studied. The 
ftimarate reductase of helminths, that i s a part of the ir 
respirato2:y chain, i s vulnerable to such broad-spectrum 
anthelmintics as thiabendazole, tetramisole, and others. 
This has been shown f o r several namatode species, such as 
Ascaris, Ascaridia, Haemonchus. and other (van den Bossche, 
1976). 
Though the oxygen consumption of a parasite serves 
re lat ively often as a measure of drug ac t iv i ty , surprisingly 
there i s only one report on the same by Shimomura (1959). 
He has observed inhibition of oxygen uptake in Z. hepatica 
and S. .japonicixm by antimonials and hexachlorophene. In 
the present study, the influence of the 4 dru^s tested on 
the oxygen consumption of G, crumenifer has been inhibitory. 
Hexachlorophene as well as tetramisole were most inhibitory 
and fenbendazole was least inhibitory. Inhibition by 
hexachlorophene and tetramisole i s approxiamtely of the same 
magnitude and both drugs are twice as active as mebendazole. 
The degree of inhibition of oxygen consumption caused 
by various anthelmintic drugs, i s perhaps dependent upon the 
d i f f e rent ia l permeability of the external covering of the 
parasite. Hence, the organization of a parasite woxild decide 
in many cases whether a compound wi l l be chemotherapeutically 
Fig. 8. Ef fect of dmgs on the oxygen consumption 
of G-astrothylax carumenifer. 
80 
UJ 
c/) 
Z o u ^ 
a . 
81 
useful or ine f f e c t ive , i t can thus hardly be expected that 
a drug eliminating a nematode by acting on i t s nerve-muscle 
system wi l l also be tox ic to trematode or cestode. The 
e f f i cacy of many chemotherapeutice rests on the ir ab i l i ty 
to inhibit a v i t a l degradation sequence or several of the 
enzymes catalyzing the sequence. The chemotherapeutic 
usefulness of a drug rests indeed in many cases on the fact 
that host and parasite enzymes react d i f f erent ly to a given 
compound. 
The metabolic pathways in parasit ic helminths are 
often di f ferent from those found in the ir hosts and might be 
expected to pose new regulatory problems. Nevertheless, 
there are di f ferences in detai l between the properties of 
the regulatory enzymes of hosts and those of helminths.and 
these dif ferences should be exploited by chemotherapy. The 
search should be directed towards compoimds with antipara-
s i t i c a c t i v i t i e s but which are less dangerous to the hosts. 
The data concerning the influence of anthelmintic 
drugs on the respiration of ciumenifer w i l l prove to be 
f r u i t f u l in further research on the comparative biochemical 
and physiological aspects of trematodes, especial ly in 
respect to in v itro e f f e c t of anthelmintics in relation to 
oxygen consumption. 
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Mitochondrial Respiration; 
The f a c i l i t i e s available to the author were very-
limited. and work had been done in a moderately equipped 
laboratory. The elucidation of the electron transport 
mechanisms of parasites owes much to the use of inhibitors . 
The chemicals, l ike rotenone, N, N, N', F'-tetramethyl-p-
phenylenediamine dihydrochloride (TMPD), luc i ferase and 
others, required to study the various oxidative phosphory-
lat ion s i tes were not available. Further, the author could 
not check the purity of the isolated mitochondria which 
often contain a greater or lesser percentage of impurities 
( e . g . , microsomes, other subcellula-r particulates, and 
damaged mitochondria) that could be examined by high magni-
f i ca t i on microscopes. So studies were limited to crumenifer 
mitochondrial respiration only. 
The respiration of mitochondria from &, crumenifer 
i s summarized in Table VII and Pigs. 9-10. Mitochondria 
were found to oxidize succinate act ively than malate than 
pyruvate. 
For examining the e f f e c t of inhibitors , succinate 
was used as the substrate due to i t s highest a c t i v i t y . The 
sensit ivity of respiration to potassium cyanide (KCN), 
sodium azide (NaN^), salicylhydroxamic acid (SHAM), malonate, 
oxaloacetate, and oligomycin ( in the presence of lOmM 
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TABLE VII 
Oxygen Consumption of Mitochondria of 
Gastrothylax crumenifer 
Additives 
[xmoleOg utilized/mg 
protein/h. 
Oligomycin sensi -
% InhlMtlon l i j ^ . t S a l e t e " ' ' 
protein/h 
Succinate 0. 324 + .012 
Malate 0. 196 + .014 
Pyruvate 0. 165 + .019 
Malonate 0. 092 + .009 71. .87 
KCN 0. 020 + .003 93. .86 
NaN^  0. 022 + .003 93. .25 
Oxaloacetate 0. 033 + .005 89. .87 
SHAM 0. 230 + .014 29. .75 
'Oligomycin 0. 082 + .012 74. .84 
143.3 + .024 
In the presence of O.OIM succinate + standard error. 
Fig. 9. Percent change in oxygen consumption of 
mitochondria from G-astrothylax orumenifer» 
Concentrations of inhibitors in the 
presence of O.OIM succinate were:malonate, 
O.OlMj potassium cyanide, and sodium azide, 
O.lmMj oxaloacetate, O.OlMj SHAM, 5mM and 
olygomycin 1 \ig per mg protein. 
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succinate) was also determined. Maximum inhibit ion in 
oxygen consumption was found with. KCN, NaN^  and oxalo-
acetate and the respiration of mitochondria was at least 
70% inhibited by malonate and oligomycin, whereas the least 
inhibit ion was found with SHAM. 
The presence of two types of respiratory pigments, 
hemoglobin and cytochromes, both heme containing compounds 
in-tremoto'des, i s well docixmented (von Brand, 1973, 1979). 
Although there are numerous reports on the successf\iL demons-
tration of the existence of oxidative phosphorylation 
(aerobic ATP synthesis) and of functional cytochromes ( b , c , 
and a/a^) in the helminth parasites, l i t t l e i s known about 
the same in the trematode parasites. The electron transport 
system of F. hepatica mitochondria were investigated spectro-
photometrically by Cheah and Prichard (1975). 
The oxidative metabolism of G. crumenlfer mitochon-
drial fract ions was assayed polarogrphically in the presence 
of various substrates. Succinate was most readily oxidized, 
malate and pyruvate were oxidized at substantially lower 
rates. The c lass ical inhibitors such as malonate, KCN, NaH"^ , 
oxaloacetate, SHAM and oligomycin e f f e c t i v e l y affected the 
oxygen consumption of mitochondrial f ract ions . Mitochondria 
isolated from F. hepatica have been found to oxidize succ i -
nate and the same i s inhibited in the presence of cyanide 
Fig. 10. Oxygen consumption of mitochondria from 
G-astrothylax crumenifer. I n i t i a l subs-
trate concentrations were: succinate, 
malate and pyruvate, O.OlMj concentrations 
of inhibitors in the presence of O.OIM 
succinate were malonate, O.OlMi potassium 
cyanide and sodium azide, O.lmMj oxalo-
acet ic acid, O.OIM; SHAM, 5mM and o l i g o -
mycin 1 |ig per mg protein. 
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(Prichard and Schofield, 1971). In the presence of f e r r i -
cyanide as a r t i f i c i a l electron acceptor, P. hepatica 
mitocliondria intensively oxidized succinate and malate 
(Benedictov, 1972). The inhilDition of mitochondrial oxida-
t ion "by f-omarate in case of P. cervi has also "been reported 
hy Shestak (1975). 
In the present study, the data c learly indicate, the 
presence of oxidative phosphorylation as the oxygen uptake 
due to the succinate oxidation was inhibited (Table VII and 
Pig. 9) by oligomycin, a c lass ica l inhibitor of ATP synthesis 
by mitochondrial respiratory chain system (Slater, 1967). On 
the basis of the present findings together with previous 
works on F. hepatica i t may be suggested that the mitochon-
dria from G. cr-gmenifer have fimctional cytochromes in their 
respiratory chain system, and also that oxidation of the 
various substrates i s linked to oxidative phosphorylation. 
The result of G. crumenifer adenosine triphosphatase 
(ATPase) ac t iv i ty i s shown in Table V. The spec i f i c ac t iv i ty 
of the same i s 143.5 [imole Pi/liberated/mg protein/h. 
The spec i f i c ac t iv i ty of mitochondrial ATPase was 
determined just to see whether th i s important enzyme, which 
i s intimately associated with the oxidative phosphoirylation, 
i s present or not. 
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I t i s of interest to note that oligomycin sensitive 
ATPase (van den Bossche, 1974)» an essential enzyme f o r 
oxidative phosphorylation, i s present in the mitochondrial 
f ract ion of G. crumenifer* 
Elution Pattern And Molectaar Weight Determination: 
Col-amn chromatography was performed mainly f o r two 
reasons, f i r s t l y to obtain an elution pro f i l e of the semi-
purif ied hemoglobin of G. crumenifer and secondly, to deter-
mine the molecular weight of the protein by gel f i l t r a t i o n 
as well as by SDS-PAG electrophoresis with the help of the 
calibration curves prepared by using marker proteins of 
known molecular weights. 
The elution pattern of the oxyhemoglobin of G. crume-
n i fer i s shown in Fig. 11, I t showed two peaks, the major 
peak showi]^ the characterist ic absorption spectra in the 
v i s ib le region. 
The major peak obtained at 412 nm was considered to 
be the G. crumenifer hemoglobin and i t was used f o r the 
molecular weight estimations. The minor peak seems to be a 
subunit of the major f rac t ion . Such sub-fractions may be 
due to disturbance of equilibrium in the gel column by 
d i f fus ion of smaller sub-unit aggregates into internal 
cavit ies of the gel which are not accessible to large 
Pig. 11. Elution pro f i l e obtained by Sephadex 
G-lOO gel f i l t r a t i o n of Gastrothylax 
crumenifer oxyhaemoglobin a f t e r 
part ial puri f i cat ion by 55 to 75% 
ammonium sulfate saturation. 
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aggregates. This subunit probably hooks on to the conta-
minating proteins in a part ia l ly purif ied hemoglobin. 
Sephadex G-lOO chromatographic p ro f i l e of the elution 
pattern of G. crumenifer hemoglobin both in the ul travio let 
and the soret region showed two peaks. The major peak was 
eluted with higher molecular weight non-heme fract ion . 
As mentioned ear l ier the calibration ciirve by gel 
f i l t r a t i o n was obtained by f i r s t eluting six marker proteins 
of known molecular weights on a Sephadex G-lOO column. From 
their elution volumes, their K „ values were calculated and 0. V 
were plotted against their known molecular weights on a 
semi-log graph paper. A straight l ine relationship was 
obtained (Pig. 12). The molecular weight of G. crumenifer 
hemoglobin was determined by calculating the K^ ^^  values from 
the elution volumes of those fract ions which showed the 
highest or maximum absorption at 412 nm. The value was av 
extrapolated on the calibration curve to determine the mole-
cular weight, which comes to 18,000 (Table VIII ) . 
For calibration curve by SDS-PAG electrophoresis, two 
procedures were used to examine the relationship between 
electrophoretic mobilit ies and molecular weights of various • 
marker proteins. Either several SDS-denatured marker proteins 
were mixed and run together on single gel or the proteins were 
I"ig. 12, Galibration curve f o r the determination 
of the molecular weight of Gastrothylax 
crumenifer haemoglobin by gel f i l t r a t i o n 
on Sephadex G—100 column with proteins 
of known molecxalar weights. 
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Fig, 13. CalilDration curve f o r the determination 
of the molecular weight of G-astrothylax 
crumenifer haemoglolDin "by S.DS-PAG e l e c -
trophoresis with proteins of known 
molecular weights. 
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run in paral le l on di f ferent gels. Identical results were 
obtained by both the methods. From their migration distance 
which were measured very accurately, their R^^^  values were 
calculated. The molecular weights of the marker proteins 
were plotted against their values on a semi-log graph 
paper and a straight l ine cuirve was obtained (Pig. 13). The 
Rj^  value of purif ied and electrophoretical ly homogeneous 
hemoglobin of G. crumenifer was extrapolated on the ca l ibra-
t ion curve to determine the molecular weight. The molecular 
weight obtained by this method comes to 16,500 (Table VII I ) . 
The most fundamental property of any protein molecule 
i s i t s molecular weight. And surprisingly the molecular 
weights of hemoglobin of trematodes have been determined only 
in a few species and our knowledge in this f i e l d of study i s 
almost fragmentary. Cain (1969) f o r the f i r s t time showed 
that molecular weight of F. buski hemoglobin i s 15,000 to 
16,000 and Tuchschmid et aA. (1978), using gel f i l t r a t i o n 
in 6M guanidine and SDS gel electrophoresis, reported the 
molecular weight of D. dendriticum hemoglobin as 15,000. 
Barrett (1981) reported the molecular weight of hemoglobin 
of F. hepatica to be 17,500. .In the present study, the 
molecular weight of G. crumenifer hemoglobin i s 18,000 when 
determined by column chromatography using Sephadex G-100 by 
plotting (0.488) while the estimation of molecular weight 
by plotting R^^^  values (0.695) obtained by SDS-PAG electropho-
TABLE VIII 
Molecular Weights of Hemoglobin of 
Gastrothylax crumenifer 
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By column chromatography | By SDS~PAG electrophoresis 
18 000 16 500 
Pig. 14. SDS-PAG- electrophoretogram of purif ied 
haemoglobin of G-astrothylax crumenifer. 
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regis (Fig. 14) against molecular weights of marker proteins, 
revealed a molecular weight of 15,500. The di f ference in 
molecular weight by these two methods i s not much and i t may-
be due to the experimental errors. Both these values are 
very similar to that observed by Cain (.1969) f o r F. buski and 
Tuchschmid et a l . (1978) f o r D. dendriticum hemoglobin. On 
the basis of these molecular weights i t could be suggested 
that trematode hemoglobin i s very close to myoglobin. Resem-
blance between trematode hemoglobin sind myoglobin s\iggests 
that the two have similar functions, i . e . , to provide oxygen 
reserved during the period of hypoxia. In the majority of 
them i t i s thought that the role of trematode hemoglobin i s 
to supply the available oxygen to the t issues; in addition 
to this function i t i s believed that oxygen storage may also 
be one of the functions of these heme compounds. 
Oxygen binding study was carried out on G. crumenifer 
hemoglobin in phosphate buf fer , O.OIM, pH 7.4 at 30^0 using 
an YSI oxygen electrode. The pigment exhibited a hyperbolic 
type of curve with a P^ Q of 6.1 mmHg. The shape of the curve 
and the oxygen a f f i n i t y are both independent of hemoglobin 
concentrations. The hyperbolic curve so obtained i s shown 
in Fig. 15. 
Since hemoglobin i s an oxygen binding pigment, i t 
either maintains a continuous supply of oxygen to the tissue 
Pig. 15. Oxygen a f f i n i t y of Gastrothylax crumenifer 
haemoglobin. The value f o r P^^ i s the 
pressure of oxygen required to give 50% 
saturation of the haemoglobin in phosphate 
buf fer , O.OlMj pH 7.4 , 30®C. 
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or i t provides an oxygen reserve. The presence of a res -
piratory pigment probably allows the parasite t o inhabit 
regions of low oxygen tension f o r use in certain tissues 
rather than f o r the whole animal (Chappell, 1980). The 
passage of oxygen through the tissue respiratory pigment 
at low oxygen tension has been shown by Scholander (I960). 
The tissues which are nearer to the surface areas and which 
have a higher oxygen concentration become more oxygenated 
compared with those t issues which are below the surface and 
are least oxygenated. As a result , their ex ists an oxygen 
gradient from high to low oxygen concentrations. In th is 
way, the oxygen molecule i s passed down the chain when 
hemoglobin dissociates . The a f f i n i t y of some parasite hemo-
globins with oxygen i s so high that they are completely 
saturated at vey low oxygen tensions (Lee and Smith, 1965). 
However, oxygen equilibrium curve of G, crumenifer hemoglobin 
in the present study i s steep as shown in Pig 15 and i s half 
saturated (P^q) with oxygen at 6.1 mm partial pressure, 
signifying that the pigment can extract oxygen from very 
oxygen-poor environments and on the other hand, the tension 
of the worm tissue w i l l have to reach extremely low values 
before the hemoglobin releases oxygen. The results of the 
present investigation are similar to the values observed by 
Rose and Kaplan (1972) f o r Syngamus trachea, Keiling and 
Wang (1946) f o r Gasterophilus intest inal i s , by Barrett 
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(1981) f o r Trichinel la sp i ra l i s and by Wharton (1941) f o r 
Camallanus tr ispinosus. This c lear ly indicates that so 
far as the f imction of hemoglobin in parasites i s concerned, 
i t undoubtedly appears to play a role in oxjgen transport 
as in vertebrates generally. 
The enormous d ivers i ty in the physical character is t i cs 
of invertebrate hemoglobins and the i r disparate d is tr ibut ion 
throughout the invertebrate phyla suggest that, they may have 
evolved independently several times during the course of 
evolution. At the same time i t i s necessary to stress that 
(a) many of these large molecular weight invertebrate hemo-
globins are in many cases, aggeregations of many chain 
globins, each bound to a heme group and that (b) the absence 
of hemoglobin cannot be taken to imply absence of g lobin . 
Hemoglobins are found throughout the vertebrate phylum and 
appear to constitute the only respiratory protein of the 
blood. In most vertebrates, the hemoglobin i s tetrameric, 
each molecule consisting of f our globin chains and each chain 
being associated with iron containing porphyrin heme group 
(Bravinitzer, 1958? M\3ller, 196la ,b ) . The molecular weight 
of such vertebrate hemoglobins varies between 61,000 and 
72,000 but despite considerable d i f f erence in the primary 
structures of the ir globin chain, in higher-vertebrates the 
i s o e l e c t r i c points of the proteins are restr i c ted to a pH 
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range of 6 ,9-7.3 and in lower vertebrates to the approximate 
pH 6.0-8.0 (Gratzer and All ison, I960). 
Primitive hemoglobins s t i l l consist of only a single 
peptide chain. The hemoglobin of Lamptera has a molecular 
weight of 17,000 and possesses only one heme group, thus 
implying i t to be monomeric. Svedberg (1935) found that 
hemoglobin of molecular weights of 17,000 and 34,000 were 
found in Maxime glutinosa suggesting the presence of both 
monomers and dimers. 
According to Ingram (1963) the hemoglobin molecule 
was ordinarily much simple and that the molecule i n i t i a l l y 
consisted of a single peptide chain. The ancestral molecule 
was probably similar to myoglobin and had an almost identical 
tert iary structure. In order t o explain the appearance of 
new molecules, i . e . , peptide chains, i t was proposed that 
gene duplication took place, each gene corresponding to one 
of the peptide chains, which were or ig inal ly ident ical . An 
important point in the theory is the proposal that from this 
time on the genetic material developed independently by 
\mdergoing di f ferent mutations. It i s supposed that gene 
duplication took place several times leading to the existence 
of the present a,p,Y and 6 chains. At the same time two 
factors must have played a very decisive ro le . They were 
Lhe formation of the dimers and tetramers of the peptide 
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chains. The second important physical fac tor was the 
appearance of heme interaction, which hrought with i t a 
marked increase in the physiological ef fect iveness ' of the 
molecule. It i s believed that haemoglobins must have 
appeared at some time in the course of their evolutionary 
development probably independently in some of the wide 
range of forms in which i t i s now found. I t i s possible 
that haemoglobin arose through radical modification of a 
pigment of the cytochrome type, through a more l ike ly f i r s t 
event i s perhaps a chance association of protoheme with a 
globular protein of molecular weight of 17,000 to give a 
pigment in which heme i s linked to protein through the 
central iron atom, and'is capable of combining reversibly 
with oxygen. Once such a pigment arose, i t i s l ike ly to 
have been physiological ly advantageous especial ly in primi-
tive multicel lular organisms and therefore t o have been 
retained in subsequent evolutionary development. 
Being a primitive metazoan group, and the lowest 
b i la t r ia , the trematodes' would seem well suited f o r inves-
tigating biochemical evolution of the haemoglobin molecule. 
The molecular weight of known haemoglobins range from 
13,000 to 1 X 10^. 
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It i s clear from the above discussion that the 
results obtained in the present study on the oxygen 
consumption of G. crumenifer by employing recent oxygen 
electrode technique conform with the general pattern of 
respiration but d i f f e r on a quantitative basis from the 
results reported ear l ier by Nizami and Siddiqi (1978a,b) 
and others on the same or other trematode parasites. The 
disparit ies in the results are obvious because in ear l ier 
studies the oxygen consumption of the parasites was re -
corded by using manometric technique which i s not supposed 
to be so accurate as the more sensitive oxygen electrode 
technique used above. 
See Appendix-III f o r future investigations. 
Summary and Conclusions 
VARIOUS aspects of respiratory metabolism of 
Gastrothylax crumenifer, from the rumen of Indian water 
buf fa lo , Bubalus bubalis have been studied by polarography 
in the present dissertation. 
The results obtained in the present study were 
compared with the results obtained ear l ier by manometry. 
It i s found that polarography i s much more sensitive and 
accurate than manometry. 
crumenifer consumed more oxygen in the presence 
of glucose than in i t s absence. I t was foimd that QOg 
values are greater than VOg values throughout. 
It was observed that an increase in temperature 
results in gradual increase of QOg values and at 40°C i t 
i s twice as much as at 25°C. The optimum temperature f o r 
G. crumenifer i s 40°C, which seems to be also the tempera-
ture of the microenvironment in which the pa3?asite l i ves 
in the mammalian host. 
A number of chemicals were tested f o r the ir inhi -
bitory or stimulatory e f f e c t on the rate of oxygen con-
sumption of G. crumenifer. Almost a l l the chemicals tested 
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were inhibitory except sodium arsenate which stimulated 
the rate of oxygen consumption. The maximum inhibit ion 
was found in the presence of potassium cyanide and least 
in the presence of sodium arsenite. Among the chemicals 
tested, cyanide, azide and iodoacetate are better and more 
e f f e c t i ve inhibitors of oxygen consumption than f luoride 
and malonate. The inhibitory e f f e c t of some of these 
chemicals indicates the presence of d i f ferent metabolic 
pathways operating in the parasite. 
Various leve ls of hydrogen ion concentrations have 
pronounced e f f ec t on the QOg of this parasite. Respiratory 
rates showed one peak each in s l ight ly acidic and in alkaline 
range% The optimum hydrogen ion concentration f o r oxygen', con-
sump.t'roil • seiem's'.t© lie 6,. as the parasite consumes oxygen at 
a steady rate at this pH. 
The rate of respiration of the parasite, idien subjected 
to various osmotic stresses, i s depressed except in one case 
(75/o Hanks' without glucose) where i t i s increased. The 
decrease in QO2 in various percentages of Hanks' has been 
discussed. It i s also evident from the results that the 
extreme hypotonicities as well as hypertonicit ies are inimical 
to the oxygen consumption in the parasite. In extreme hypo-
tonic solution, the worms behave as osmometers and gain 
maximum weight whereas in extreme hypertonic solution, the 
worms shrivel and lose weight. 
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The e f f e c t of some anthelmintic drugs on the oxygen 
consumption of the parasite was studied. Out of the four 
anthelmintics tested only hexachlorophene, tetramisole and 
mebendazole s igni f icant ly inhibited the oxygen consumption. 
Hexachlorophene and tetramisole were most inhibitory and 
fenbendazole was least inhibitory. Inhibition by the former 
two anthelmintics i s approximately of the same magnitude and 
both drugs are twice as inhibitory as mebendazole. 
Mitochondria isolated from G. crumenifer have been 
found to oxidize succinate actively than malate than pyruvate. 
Maximum inhibit ion in mitochondrial oxygen consumption was ' 
found with cyanide, azide and oxaloacetate and the rate was 
at least 70% inhibited by malonate and olivomycin whereas 
the least inhibition was found with salicylhydroxamic acid, 
Inhibito2!y e f f e c t of some of these chemicals indicates 
the presence of oxidative phosphorylation in th is parasite. 
Further, oligomycin sensitive ATPase, an essential enzyme f o r 
oxidative phosphorylation, i s present in the mitochondrial 
f ract ion of th is parasite. 
The G. crumenifer hemoglobin was iso lated, puri f ied , 
chromatographed, and i t s molecular weight was determined on 
a calibrated Sephadex G-lOO coltimn as well as by SBS-PAG 
electrophoresis. The molecular weight OTS the. woj?m pigment i s 
calculated to be 18,000 by former and 16,500 by l a t t e r method 
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respectively. Thus i t can be concluded that the worm 
hemoglobin exists in a monomeric form, with a single heme 
group and a free sulphydryl in the molecule. Oxygen a f f i -
nity of the worm's hemoglobin was also determined and i t s 
P^ Q was calculated and found to be 6,1 mmHg. The oxygen 
a f f i n i t y of the present trematode was compared with the 
oxygen a f f i n i t y of the other parasites hemoglobins so f a r 
reported. The parasite hemoglobin may be playing some role 
in oxygen transport. On the basis of the present results 
i t can be concluded thattrematodes in general can be consi -
dered to be facultative aerobic animals. 
The origin and evolution of the hemoglobin are d i s -
cussed. The f i r s t hemoglobin i s believed to have been a 
protein of molecular weight of about 17,000. This was a 
precursor of myoglobin, a pigment mainly concerned with 
oxygen storage in muscle and hemoglobins of a l l vertebrates. 
Ill 
APPENDIX-III 
Mebendazole 
Mebendazole i s the generic name f o r methyl 5 ( 6 ) -
benzoyl~2-benzimidazole carbamate. I t i s an of f -white 
to s l i ght ly yellow powder, f r e e l y soluble in formic ac id , 
soluble in benzaldehyde, sparingly soluble in dimethyl-
sulphoxide (DMSO) and insoluble in water, a l coho l , ether 
and chloroform. I t s molecular weight i s 295.2. 
Penbendazole 
I t i s also a benzimidazole compound. I t i s soluble 
in DMSO and i s insoluble in water. I t s molecular weight 
i s 299.5. 
Tetramisole hydrochloride 
Tetramisole i s generic name f o r racemic 2 , 3 , 5 , 6 - t e t r a -
hydro-6-phenyl-imidazo (2 ,1 -b ) thiazole hydrochloride. I t 
i s soluble in water. I t s molecialar weight and melting 
point i s 246.76 and 266-267 respectively. 
Hexachlorophene 
Hexachlorophene i s the generic name f o r 2,2'-methylene-
b i3 - (3 ,4 ,6 - t r i ch loropheno l ) . I t i s an of f -white t o tan 
crysta ls . I t i s odourless, f r e e l y soluble in acetone, 
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alcohol , and ether. Soluble in chloroform, insoluble in 
water. I ts molecular weight and melting point i s 406.91 
and 164-165 respectively. 
Ill 
APPENDIX-III 
A. Heart Muscle Preparation; 
For heart muscle preparation (HMP) the method of 
Colman and Longmuir (1963) was fo l lowed. The l e f t vent r i -
c le of the water "buffalo, B. bubal i s was freed of fat and 
f ibrous t issues as far as poss ib le , minced and washed by 
s t i rr ing in 5 l i t r e s of tap water f o r 6 min. A f ter this 
i t was squeezed through muslin c loth and washing process 
was repeated at least 10 times. The minced t issue was 
suspended in O.IM phosphate bu f fer , pH 7.4 at 1°C and 
macerated in a waring blender f o r 10 min. The large pairfei-
c les were spun o f f at 2,000 irpm and the act ive par t i c l e s 
were brought down by spinning f o r 45 min at 15,000 rpm in a 
refr igerated centrifuge (Beckman J21-C). The respiring 
part i c les were resuspended into small quantit ies in the same 
buf fer and frozen. 
B. Oxygen Generation; 
Deoxygenated hemoglobin-buffer mixture was oxygenated 
by e l e c t r o l y s i s . For t h i s a platinum wire ( l cm long) , as 
the oxygen-generating anode and a palladium wire (10 cm long) 
coated with co l lod ion , as the hydrogen absorbing cathode, 
were used. The length of the platinum wire, i s not very 
c r i t i c a l , but i f i t i s l e s s than 1 cm, oxygen bubbles may 
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Tae fomed on i t . The length of the palladium wire, how-
ever, i s c r i t i c a l since there, i s a l imit to the rate at 
which hydrogen can be taken up by this metal. In practice 
i t was found that 1 cm of 1mm diameter wire could be used 
f o r each milliampere of current passing. A length of 
about 10 cm was found to be convenient. Palladium wire 
coated with collodion absorbs about 600 times i t s own 
volume of hydrogen thus preventing the gas to react with 
oxygen in solution. 
I l l 
APPENDIX-III 
Polaro^raphy 
The las t two decades have witnessed the maturation 
of the science of parasitology in general, and helmin-
thology in part icular . In recent years, advancements in 
modern instrumentation have made the quest easier and 
authentic. Though the older f indings are the cornerstones 
on which the vast ed i f i c e of present biochemical research 
i s erected but i t cannot be denied that the refinements in 
technique have made older conclusions obsolete but not 
ent ire ly irrelevant as they s t i l l continue to serve as base 
l ines on which modem studies are dependent. This of course 
i s not surprising but simply a consequence of the fac t that 
these conclusions are based on the results obtained e a r l i e r 
using the then available equipment when modern accurate 
methods of analysis had not yet been developed. To have 
s c i e n t i f i c results meaningful, the technique must be 
adequate, otherwise the results obtained would be meaning-
l e s s or even pos i t ive ly misleading. 
In spite of many advances that have been made in our 
knowledge of helminth physiology and biochemistry in the 
las t two decades in various parts of the world, the i n f o r -
mation i s s t i l l patchy} some aspects are known in great 
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detai l and others not at a l l and thus we seem more f r e -
quently to c i te what we do not know than what we know. 
This may be due to the fact that most parasitic helminths 
are re lat ively small and often only limited numbers can 
be obtained from natural or even laboratory in fect ions . 
The small size of most parasit ic helminths means that only 
in a few cases i t i s possible to iso late spec i f i c t issues. 
For the majority of species, enzyme assays and biochemical 
analyses have to be performed on homogenates and extracts 
of whole animals. This means that di f ferences between 
various tissues of the parasites are obscure. This situation 
could.now be rec t i f i ed t o some extent with the help of modern 
microsensitive analytical methods available in which without 
sacr i f i c e of accuracy with respect to macro procedure, the 
labor and time expended with the single analysis are reduced 
to a minimum. 
The use of oxygen electrode (which i s convenient, 
sensit ive, rapid and re l iab le ) f o r various microdeterminations 
now widely used in modern b io log ica l researches also opens 
up a large number of avenues and can equally be employed to 
unravel many problems in helminth physiology and bioche-
mistry. This method in general would appear t o be the 
simplest possible consistent with the maximum attainable 
accuracy in analysing microquantities. With ser ia l deter-
minations the time expended on each determination need be 
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only a few minutesj one of the special advantages of the 
method being the ease with which large numbers of accurate 
data can be assembled. 
Though multifarious types of studies could be con-
ducted by exploiting the oxygen electrode technique, only 
a few have been mentioned below which could be taken up in 
future; 
Mitochondrial oxidative phosphorylation and ion trans-
port j coupled and uncoupled mitochondrial respiration and 
interaction of lead and inorganic phosphatej oxygen consump-
tion and ammoniogenesis, glucose oxidation and HgOg formation; 
e f f e c t of divalent metal ions on ATPase ac t iv i ty ; d i f f e rent ia l 
e f f e c t s of mercural reagents on the mitochondrial ATPase 
act iv i ty and ATP-dependent swelling aad contiractionj e f f e c t s 
of enzymes and other reagents on NADPH oxidation; microsomal 
oxygen uptake and e f f e c t of several variables; ion transport 
by mitochondria and activation of energy-linked K^ uptake by 
nonionic detergents; kinetics studies on the interaction of 
TMPD with cytochrome C and cytochrome G oxidase; act iv i ty 
of l i p i d cytochrome C; succinooxidase, oxidoreducatase, 
catalase, hypoxanthine oxidase, xanthine oxidase, uricase, 
allantoinase, al lantoicase, ascorbate oxidase, cholesterol 
oxidase, l ipoxidase; L-amino acid oxidases; mono and 
diamine oxidases and studies on oxygen binding capacity of 
hemoglobins and e f f e c t of several variables. 
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Abstract—SiddiquiJ and Nizami W A 1981 Studies on the lipid metabolism of the metacercariae 
of Chnostomum complanatum (Trematoda Digenea) International Journal for Parasitology 11: 
115-119 Metacercariae of Chnostonmm complanatum possess considerable amounts of lipids 
Fractionation of the lipids shows triglycerides and phospholipids as the major components whereas 
cholesterol and free fatty acids are minor components Furthermore phospholipid fractions by thin 
layer chromatography reveal lecithin and cephalm as the major polar lipids whereas lysolcciihin and 
lysocephalin are present in small fractions The specific activity of lipase ( E C 3 1 1 3) is 150 8 ^g 
free fatty acids liberated/mg protein/h Epinephrine, testosterone, nsulm, sodium fluoride and lodo-
acetate stimulated, but 2-propanol inhibited, the lipase activity 
INDEX KEY WORDS Total lipids, triglycerides, cholesterol, lecithin, lysolecithm, cephalm, 
lysocephalin, free fatty acids, lipase, hormones, inhibitors, Chnostomum complanatum, progenctic 
metacercana, fresh water fish 
INTRODUCTION 
Although the lipid composition of adult trematodes 
has been studied m a number of species, no similar 
information is available on the lipid metabolism of 
larval trematodes However, a few qualitative 
analyses concerning the nature and occurrence of 
lipids m metacercariae are available (Fried & 
Shapiro, 1975, Fried & Butler, 1977; Butler & 
Fried, 1977). 
The present paper is based on investigations 
carried out on the progenetic metacercana of 
Chnostomum complanatum which is metabolically 
active (Siddiqui & Nizami, unpublished), pathogenic 
to the intermediate host (Rai, 1968, Ndssi, 1976, 
Singh & Virmani, 1978) and morphologically com-
parable to Its adult except that egg production is 
lacking. Therefore, it was decided to determine 
whether the transformation of the metacercdna into 
an adult, a process which is accompanied by pro-
found physico-chemical changes, results in any 
change in the lipid content Lipase was also studied 
to see the possible role of this enzyme in the lipid 
metabolism of this metacercana. 
MATERIALS AND METHODS 
Metacercariae of Chnostomum complanatum were 
obtained from the body cavity of the fresh water fish, 
Tnchogaster fauiatus and kept in modified Ringer saline 
(Forster & Taggart, 1950) at room temperature Prior to 
lipid extraction the metacercanae were damp dried on 
filter paper and weighed The lipids were extracted with 
chloroform-methanol (2 1, v/v) by the method of Folch, 
Lees & Sloane Stanley (1957) and washed with a KCl 
solution according to Misra (1968) The extract was 
evaporated to dryness m i acuo and the icsidue made up to 
volume with chloroform Total lipids were determined by 
the method of Zollner & Krisch (1962) Total cholesterol 
and phospholipids weie estimated by the methods of 
Zlatkis, Zak & Boyle (1953), Sackett (1925) and Baitlett 
(1959) as modified by Mannetti (1962) respectively Total 
triglyceiidcs and free fatly acids (FFA) were deteimined 
by the methods of van Handel & Zilversmit (1957) and 
Itaya & Ui (1965) respectively Phospholipids were further 
fractionated on thin layer chromatographic ( t i c ) glass 
plates of 20x20 cm (Griffin & George, U K ) which were 
coated with an adsorbent of silica gel G (Ceiitron Research 
Laboratories, Bombay) containing 13% CdSo4 as binder, 
by the method of Skipski, Peterson & Baiclay (I9()4), 
using chloroform-methanol-water (65 25 4, v/v) as the 
solvent system The phospholipid bands were visuali 1 
by lodme vapour and eluted with chloroform, th 
centrifuged and supernatants taken and their concentra-
tions determined as described above The various frac-
tions were identified by comparing the Rp values with 
standard phospholipids (V P. Chest Institute, Delhi) 
applied on the same plate 
The hoinogenate (5-10%, w/v) of the metacercariae 
was prepared in ice-cold distilled water using a glass 
Potter-Elvehjem tissue homogenizer at 4''C The samples 
were centrifuged at iSOOg for 5-10mm to remove cell 
debris and the supernatant was used for enzyme assay 
The lipase (EC 3 113) activity was determined colon-
metrically by the methods of Schmidt, Stork & von Dahl 
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(1974) using olive oil as a substrate at pH 8-5 and the 
specific activity was expressed as i^ g FFA liberated / mg 
protein/h. Epinephrine, insulin, testosterone, 2-pro-
panol, sodium fluoride and sodium iodoacetate were used 
in the optimal reaction mixture in order to examine their 
effect on lipase activity. The concentrations of hormones 
and chemicals are shown in Table 3. The protein content 
of the homogenate was determined by the method of 
Lowry, Rosebrough, Farr & Randall (1951) using bovine 
serum albumin (Koch-Light, England) as a standard. 
RESULTS 
The total lipid content of the metacercariae of 
CUnostomum complanatum is quite high and accounts 
for 8-6 and 35-8% on wet and dry weight bases 
respectively. Analysis of the lipid fractions revealed 
that the metacercariae consists of 41 -9 % triglycerides, 
26-2% phospholipids, 12 '4% free fatty acids, 11 '6% 
cholesterol and 7 - 9 % unidentified lipids, of the total 
lipids (Table 1). 
Among phospholipid fractions (Table 2) phospha-
tidylcholine and phosphatidylethanolamine accoun-
ted for the major polar lipids and are made up of 
40-6 and 25 0 % of total phospholipids respectively 
whereas lysophosphatidylethanolamine and lyso-
phosphatidylcholine are the minor polar lipids and 
comprise 15 -6 and 12-5% of the total phospholipids 
respectively. Besides these, there is about 8 - 6 % un-
identified polar lipids of the total phospholipids. 
The amount of neutral lipids is higher than that of 
polar lipids in the metacercariae in the ratio o f 5 : 2 
respectively. Among the other fractions, triglycerides 
and phospholipids account for high values and are in 
the ratio of 7 :5 , whereas free fatty acids and choles-
terol are only in the ratio of 1:1. 
Lipase is seen to be quite active in the metacer-
cariae, having a specific activity of 150-8/^g FFA 
liberated / mg protein/h. Furthermore, the enzyme is 
sensitive to hormones and various chemicals cause 
inhibition or stimulation of the enzymes activity as 
shown in Table 3. 
TABLE 1 — T O T A L LIPID AND LIPID FRACTIONS OF THE METACERCARIAE OF 
Clinostomiim complanatum 
Content No. %ww %DW % of total 
Mean + S.E. Mean + S.E. lipids 
Total lipids 4 8 - 6 + 0 1 4 3 5 - 8 + 0 - 5 9 __ 
Triglycerides 5 3 - 6 + 0 I 9 1 4 - 9 ± 0 - 8 0 4 1 - 9 
Phospholipids 6 2 - 3 + 0 - 2 9 9 - 4 ± 0 - 5 2 2 6 - 2 
Free fatty acids 5 M ± 0 1 2 4 - 5 ± 0 - 4 8 1 2 - 4 
Cholesterol 4 I 0 ± 0 1 0 4 - 2 + 0 - 4 0 1 1 - 6 
Unidentified lipids 5 0 - 7 + 0 - 0 3 2 - 8 + 0 - 0 4 7 - 9 
TABLE 2—PHOSPHOLIPID FRACTIONS OF THE METACERCARIAE OF 
CUnostomum complanatum 
Content No. % WW 7oDW % of phos-
Mean ± S.E. Mean + S.E. pholipids 
Lecithin 4 0 - 9 ± 0 0 3 3 - 9 + 0 0 2 4 0 - 6 
Cephalin 4 0 - 6 ± 0 0 1 2 - 4 + 0 - 2 0 2 5 0 
Lysolecithin 4 0 - 4 ± 0 0 1 1 - 5 + 0 0 5 12 -5 
Lysocephalin 4 0 - 3 + 0 0 5 ] - 2 ± 0 1 0 15 -5 
Unidentified lipids 4 0 - 2 ± 0 - 0 1 0 - 8 ± 0 0 5 8 - 6 
TABLE 3—EFFECT OF HORMONES AND CHEMICALS ON LIPASE ACTIVITY OF THE 
METACERCARIAE OF CUnostomum complanatum 
Hormones and 
chemicals 
Concentration No. Enzyme 
activity* 
Mean ± S.E. 
% Inhibition/ 
stimulation 
Normal 4 150-8+10-7 — 
Epinephrine 1 Fg/m|-i 4 545-4 + 29-3 + 261-7 
Testosterone 4 420-8 + 64-9 + 101-9 
Insulin 40mU/ml- ' 4 304-5±15-8 + 179-7 
Sodium fluoride 2x 10-^ M 4 446-4+12-9 + 101-5 
Sodium iodoacetate 10-5 M 4 317-5 + 8-4 + 196-0 
2-Propanol 1% 4 Nil -100-0 
•Values are expressed as //g FFA liberated/mg protein/h. 
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DISCUSSION 
Our analysis of the lipid content (Table 1) indicates 
that the metacercariae possess quite high amounts of 
lipid (about 36% of dry tissue weight). Cain & 
French (1975) have classified adult trematodes into 
three categories on the basis of the total lipid content, 
low (1-5 % of dry tissue vl'eight), high (about 3 4 % of 
dry tissue weight) and intermediate (12-13% of dry 
n'tissue weight). The high cjoncentration of lipids 
suggests that this metacercana falls in the high lipid 
content category of adult trematodes. However, this 
high lipid content in the metacercaria is not surpris-
ing since the metacercaria closely resembles the adult 
except that egg production is lacking. This may also 
account for high lipid content in the metacercariae 
because helminths store lipids to produce eggs (von 
Brand, 1941; Goil, 1958). 
Further, the total lipid content of the metacer-
cariae has been compared on wet weight basis with 
the adults of Cotylophoron cotylophorum, Fasciohpsis 
buski, Cigantocotyle exphnatum and Echinostoma 
mahyanum by Yusufi & Siddiqi (1976) and on dry 
weight basis with the adults of Schistosoma mansoni 
by Smith & Brooks (1969) and Smith, Brooks & 
White (1969) and the adults of E. malayamm and 
Isoparorchis hypselobagri by Yusufi & Siddiqi (1976). 
The high lipid content may be correlated with the 
prolonged survival of the metacercariae, which store 
and utilize lipids primarily as energy substrates 
(Engelbrecht & Palm, 1964). Fractionation of lipids 
showed that triglycerides account for a high per-
centage of the total lipids. This may be due to the fact 
that the metacercariae inhabit the body cavity of the 
fish, which is an oxygen-rich environment (Smyth, 
1959) and oxygen is known to be required for the 
biosynthesis of the unsaturated fatty acids in other 
animals (Goldfine & Bloch, 1963). 
Cholesterol and free fatty acids are present in 
approximately similar amounts, which are in 
accordance with those of Dugesia dorotocephala by 
Meyer, Meyer & Bueding (1970), S. mansoni by 
Cicchini et al. (1976) and Gastrothylax cnimenifer, C. 
cotylophorum, G. explanatum, F. buski, I. hypselobagri 
and Gastrodiscoides hominis by Yusufi & Siddiqi 
(1976,1977). It has been reported that trematodes do 
not synthesize cholesterol and long chain fatty acids 
(Smith, Brooks & Lockard, 1970; Meyer et al., 1970), 
and therefore obviously the presence o f cholesterol 
and free fatty acids may be of host dietary origin and 
absorbed from the habitat in a similar manner to that 
shown for Hymenolepis diminiita by Frayha & 
Fairbairn (1968) and also suggested for 5. mansoni by 
Smith et al. (1970). Hence the nature of the habitat 
may deeply influence its relative abundance in 
parasites (Barrett, Cain & Fairbairn, 1970; Meyer 
et al., 1970). 
The study of phospholipid content and its fractions 
in trematodes is very meagre. Cephalin accounts for 
25-0% of total phospholipids in the metacercariae 
which is comparable with D. dorotocephala by Meyer 
et al. (1970) and Fasciola hepatica by Oldenborg, 
van Vugt & van Golde (1975). Lecithin, the major 
polar phospholipid, accounts for 40-6% which is in 
accordance with D. dorotocephala by Meyer et al. 
(1970), F. hepatica by Oldenborg et al. (1975) and G. 
hominis by Yusufi & Siddiqi (1977). Lysolecithin 
accounts for 12-5% which is comparable with those 
trematodes studied by Yusufi & Siddiqi (1976, 1977). 
The present investigation clearly indicates that the 
total lipid as well as lipid fractions of the metacer-
cariae are similar to other adult trematodes inhabit-
ing different habitats. This suggests that the habitat 
of the metacercariae, if playing any role in the lipid 
metabolism, has a more or less similar influence as 
reported in adults. 
N o information is available on the lipid composi-
tion of metacercariae except for a few qualitative 
reports on neutral lipids. However, the neutral lipids 
of the metacercariae of Clinostomum complanatum 
(Table 1) are identical to the metacercariae o f 
Leucochloridiomorpha constantiae (see Fried & 
Shapiro, 1975), Echinostoma revohitiim (see Butler & 
Fried, 1977), Cotyhn us sp. (see Fried & Butler, 1977) 
and to adults of L. constantiae (see Fried & Pucci, 
1976), E. revohitiim (see Fried & Appel, 1977; Fried 
& BoddorIT, 1978) and D. dorotocephala (see Fried & 
Grigo, 1977). These similarities lead us to suggest that 
the qualitative nature of neutral lipids in the meta-
cercariae and in adult trematodes is similar. 
The lipase activity, which is about 150-8 /<g 
FFA/mg protein/h indicates that breakdown o f 
triglycerides occurs in the metacercariae. Lipase has 
also been localized histochemically in the tegument 
and intestine (Alam & Nizami, unpublished) which 
possibly hydrolyze triglycerides, liberating glycciol 
and fatty acids which are absorbed by simple diffu-
sion for rcsynthesis of triglycerides probably by means 
of an a-glycerophosphate pathway in the same man-
ner as has been suggested for S. mansoni (Meyer et al., 
1970). Furthermore, 2-propanol completely inhibits 
this lipase activity and such inhibition has also been 
reported from other animals (Murray, 1929). 
Surprisingly, however, sodium fluoride and ipdo-
acetate (Na salt) stimulated the lipase activity. The 
reason for this is not clear but Mattson & Peck 
(1955) have also observed the same phenomenc 'n 
the presence of sodium chloride, ammonium 
chloride and ammonium sulfate and suggested that 
it might be due to either an effect on the enzyme itself 
or binding of the liberated fatty acids as soaps. 
Insulin, epinephrine and testosterone have been 
found to increase the lipase activity of metacer-
cariae; a similar effect of epinephrine (Gordon & 
Cherkes, 1958; White & Engel, 1958; Engel & White, 
1960; Rizack, 1961) and insulin (Gordon & Cherkes, 
1958) has been reported for rat adipose tissue. The 
stimulatory effects caused by hormones on lipase 
indicate that the lipase of metacercariae is hormone-
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sensitive like that o f rat adipose tissue (Chmelaf & 
Chmelafova, 1970)i 
It is suggested that further studies on the identifica-
t ion o f unknown lipids and study o f other enzymes o f 
l ipid metabolism will lead to a better understanding 
o f the lipid metabolism o f this metacercaria o f 
Clinostomum complanatum. 
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CHARACTERIZATION OF STEROLS OF THREE DIGENETIC 
TREMATODES OF BUFFALO 
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Sterols o f three digenetic trematodes were isolated and characterized by infrared and ' H nuclear magnetic 
resonance spectroscopies, and gas-liquid chromatography and gas chromatography-mass spectrometry 
Sterols identified were cholesterol, cholestanol, 24-methylcholesterol, 24-methylcholestanol, 24-ethyl-
22-dehydrocholesterol, 24-ethyl-22-dehydrocholestanol, 24-ethylcholesterol and 24-ethylcholestanol. 
Key words: Sterols; Digenetic trematodes. Water buffalo; Gas-liquid chromatography; Gas chromato -
graphy-mass spectrometry 
I N T R O D U C T I O N 
Our knowledge of the composition and biosynthesis of sterols in trematodes is 
meagre and very little exists in literature on the subject. Though the unsaponifiable 
lipids of many helminths contain a large quantity of sterols [1], none of the platyhel-
minthes studied so far, including the most primitive free-living acoel, are able to 
synthesize sterols de novo [2-5], They depend, however, on an exogenous supply of 
the same. The loss of these mechanisms during the evolution of the presentday 
platyhelminthes might be as a result of a close association between two organisms, the 
parasite and the host, which favours the elimination of duplicating metabolic path-
ways for the biological advantage of the former. 
Yusufi and Siddiqi [6] reported earlier the lipid composition of some digenetic 
trematodes including Paramphistomum epiclitum (Syn.: Srivastavaia indica), Gastro-
thylax crumenifer, both from the rumen, and Gigantocotyle explanatum from the liver 
of the Indian water buffalo, Bubalus bubalis. In the present paper an attempt has been 
made to characterize the sterols of the above three species of trematodes. 
Abbreviations: IR, infrared; N M R , nuclear magnetic resonance; G L C , gas-l iquid chromatography; 
G C - M S , gas chromatography-mass spectrometry, RRt, relative retention time. 
0166-6851/85/$03.30 ® 1985 Elsevier Science Publishers B V (Biomedical Division) 
MATERIALS A N D METHODS 
Adult P. epiclitum, G. crumenifer and G. explanalum were obtained from the rumen 
and liver of the fresh water buffalo from the abattoir and washed several times and 
kept at 37°C in normal saline. Prior to lipid extraction the worms were quickly damp 
dried on Whatman filter papers. The total lipids were extracted by the method of Folch 
[7] with slight modification. The extracts were evaporated to dryness under reduced 
pressure and the residue was made up to volume with chloroform. 
Sterols from the total lipids were fractionated by the method of Borgstrom [8] using 
silicic acid KSK. 120-150 mesh, column (0.5-0.8 cm i.d.) that had been prepared in 
chloroform. The neutral lipids were eluted with chloroform at a flow rate of 0.5 ml 
min''. The eluate was evaporated to dryness in vacuo and the residue thus obtained 
was crystallized with methanol to give a mixture of sterols. The process of crystalliza-
tion was repeated several times to eliminate neutral lipids. The purity of the samples 
was checked on thin layer chromatograms prepared with silica gel G using petroleum 
ether/ether/methanol/acetic acid, 50:50:1:1 (v/v), as developing solvent. In this 
solvent system the mobility of all sterols was similar. The chromatoplates were 
sprayed with 20% perchloric acid and the spots were made visible by charring. The 
melting points of the samples were determined by a Kofler apparatus and were 
uncorrected. The structure of the sterols were established by infrared (IR) and nuclear 
magnetic resonance ( 'H-NMR) spectroscopies, and gas-liquid chromatography 
(GLC) and gas chromatography-mass spectrometry (GC-MS). 
The IR spectra of sterols were recorded in KBr on a SP3-100 Pye Unicam spectro-
meter, and the 'H-NMR spectra were recorded from 10% solutions in CDCI3/CCI4 
with a Varian A-60 spectrometer and chemical shifts were reported as 5 (ppm) relative to 
tetramethylsilane. 
For GLC and GC-MS, the sterol samples were acetylated in pyridine and acetic 
anhydride at room temperature overnight. The GLC and GC-MS were performed for 
the acetyl derivatives of sterols. Identification of each component was undertaken on 
the basis of GLC [9] and GC-MS data. GLC was performed with a Shimadzu 
GC-4CM chromatograph equipped with a hydrogen-flame ionization detector and a 
support-coated open tubular OV-17 glass capillary column (30 m X 0.3 mm i.d.) as a 
stationary phase under the following conditions: column temp. 260°C; injection temp, 
and detector temp. 280°C; carrier gas Nj at a flow rate of 0.6 ml min"'; split ratio 100:1; 
scavenger gas (Nj) at 70 ml min"'. Relative retention time (RRt) of each steryl acetate 
was taken relative to cholesteryl acetate (RRt = 1.00). GC-MS was carried out with a 
Shimadzu LKB-9000 instrument equipped with a glass column (2 m X 3 mm i.d.) 
packed with 3% OV-17 on Gas Chrom-Q (80-100 mesh) and coupled with an Okitak 
4300C(16k) data processing system, under the following conditions: column temp. 
270°C; injection temp, and separator temp. 290°C; carrier gas He at 25 ml min"'; ion 
source temp. 310°C; ionization voltage 70 eV; accelerating high-voltage 3 500 V. 
RESULTS 
Sterols isolated from the three digenetic trematodes showed a band at 3 450 cm"' in 
the IR spectra indicating the presence of a hydroxyl group. Another weak band at 
1635 cm"' was evidence for the presence of unsaturation. The 'H-NMR spectra 
displayed a signal at 5 5.25 as a multiplet representing an olefmic proton. It showed a 
signal at 5 3.8 as a broad multiplet ('<^1/2 = 20 Hz, axial) for a Cj-methine proton. The 
melting points of sterols of G. crumenifer and P. epiclitum range from 115 to 118°Cand 
that of G. explanatum is 148°C. 
The results of GLC and GC-MS analyses of these sterol fractions are shown inTable 
1. The acetate derivatives of sterols of P. epiclitum showed six component peaks in 
GLC. The component with RRt = 1.00 was shown to be a mixture of the acetates of 
cholest-5-en-3p-ol (cholesterol) and 5a-cholestan-3(3-ol (cholestanol) as evidenced by 
the following mass fragmentation ions: m/z 368 (M^ - HOAc, base peak), 353 (M"^  -
HOAc - CH3), 260, 255, 247, 213; and m/z 430 (M"), 415 (M" - CHj), 370 (M^ -
HOAc), 355 (M^ - HOAc - CH3), 276,275,230,215, respectively. The component with 
TABLE I 
Composition of sterols" of Paramphistomum epiclitum, Gaslrothylax crumenifer and Gigantocotyle 
explanatum 
Species RRt" % Sterol 
Paramphistomum 0.96 trace unidentified 
epiclitum 1.00 44.6 cholesterol and cholestanol 
1.14 0.8 unidentified 
1.31 22 5 24-methylcholestanol (major) and 
24-methylcholesterol 
1 44 5.4 24-ethyl-22-dehydrocholesterol and 
24-ethyl-22-dehydrocholestanol 
1 63 26.8 24-ethylcholesterol and 
24-ethylcholeslanol 
Gastrothylax 1.00 13.4 cholestanol (major) and 
crumenifer cholesterol 
1.31 29.4 24-methylcholestanol (major) and 
24-methylcholesterol 
1.44 19.8 24-ethyl-22-dehydrocholestanol 
(major) and 24-ethyl-22-dehydro-
cholesterol 
1.63 37.3 24-ethylcholestanol (major) and 
24-ethylcholesterol 
Gigantocotyle 1.00 >99 .9 cholesterol 
explanatum 1.31 trace 24-methylcholesterol 
" Configuration at C-24 for the 24-alkyl sterols undetermined 
Determined as the acetyl derivatives. Cholesteryl acetate was taken as 1.00 (cf. Itoh et al. [8]). 
RRt — 1.31 was characterized as a mixture of the acetates of two sterols, 24-methyl-
cholest-5-en-3p-ol (24-methylcholesterol) and 24-methyl-5a-cholestan-3p-ol (24-me-
thylcholestanol), by the following mass fragmentation ions: m/z 382 (M"^  - HO Ac, 
base peak), 367 (M^ - HO Ac - CHj), 274, 262, 255, 213; and m/z 444 (M"), 429 (M^ -
CH3), 384 (M^ - HOAc), 369, 290, 276, 261, 230, 215, respectively. The MS of the 
component with RRt = 1.44 revealed that this was a mixture of the acetates of 
24-ethyl-5a-cholest-/ra«s-22-en-3p-o! f24-ethyl-22-dehydrocholestanol) and 24-ethyl-
cholesta-5, /rani-22-dien-3p-ol (24-ethyl-22-dehydrocholesterol) as evidenced by the 
following fragmentation ions: m/z 456 (M^), 353, 344, 257; and m/z 394 (M^ - HOAc, 
base peak), 379, 351, 255, 228, respectively. The component with RRt = 1.64 was 
shown to be a mixture of the acetates of 24-ethyl-5a-cholestan-
3-1)1(24 -ethylcholesta-
nol) and 24-ethylcholest-5-en-3p-ol (24-ethylcholesterol) by the following mass frag-
mentation ions: m/z 458 (M"), 443 (M" - CH3), 398 (M" - HOAc) , 383, 344, 290,276, 
275,230, 215,201; and m/z 396 (M" - HOAc, base peak), 381, 288, 275, 255, 213, 199, 
respectively. The two minor components with RRt values of 0.96 and 1.14 in G L C 
remained unidentified. The various masss fragmentation ions were identified by 
comparing with the mass ions reported by Fieser and Fieser [10] and also compared 
with reference compounds (cf. Itoh [9]). 
The acetyl derivatives of sterols of G. crumenifer gave four peaks in G L C with RRt 
values of 1.00, 1.31, 1.44 and 1.63. The mass fragmentation ions of these components 
were identical with those of the corresponding GLC component peaks of P. epiclitum. 
The acetyl derivatives of sterols of G. explanatum gave only two peaks, one major (RRt 
= 1.00) and one minor (RRt =1.31). The mass fragmentation ions of these component 
peaks were identical with those observed for the corresponding components of P. 
epiclitum. 
DISCUSSION 
This report is the first of its kind, as sterols identified in the present study have not so 
far been reported from trematodes or from cestodes except cholesterol, which seems 
to be ubiquitous in helminths. No other information is available on sterols except by 
Barrett [2] on two species of acanthocephalans and by Cole and Krusberg [11-13] on 
four species of nematodes. 
All the three species of trematodes investigated contained both saturated sterols 
(like cholestanol and its 24-methyl and 24-ethyl homologs) and unsaturated sterols 
(like cholesterol and its 24-methyl, 24-ethyl-22-dehydro and 24-ethyl homologs, and 
24-ethyl-22-dehydrocholestanol). The percentage of saturated sterols are higher than 
the unsaturated sterols except in G. explanatum where only unsaturated ones are 
present. Lipids are actively metabolised in the rumen [14] and sterols identified in G. 
crumenifer and P. epiclitum reflect the contents of the rumen with respect to 24-alkyl 
sterols, whereas G. explanatum being a parasite of liver, contains only cholesterol 
(>99.9%) and only traces of 24-methyl-cholesterol. The copious amount of choleste-
rol in this trematode could be due to the presence of bile and other cholesterol rich 
hepatic secretions, and the 24-alkyl sterols, present only in a very small amount, might 
have been obtained as a result of enterohepatic circulation. 
G. crumenifer and P. epiclitum, both from the rumen of buffalo, have identical 
sterols but differ in their quantities. The former has higher amounts of 24-alkyl sterols, 
i.e., phytosterols, than the latter (Table 1). This difference is probably due to different 
size of .he parasites and their intestinal ceca. The former parasite is bigger in "'ze and 
surface ar^(hence the chances of absorption through the tegument will be greater) and 
also has longer intestinal ceca, thus they could theoretically contain more rumen 
contents in their intestinal ceca than the latter. 
The contention that helminths absorb their sterols from their surroundings [1] 
appears to be true and is supported by various workers [1] and also by the present 
investigation. However, no phytosterols were reported from Echinostoma revolutum 
and Hymenolepis diminuta. This could not be only due to imi different kinds of 
mechanisms of absorption as claimed by Barrett [2] but may be due to either the 
absence of phytosterols in the diet of the host or less sensitive analytical procedures 
employed by them. 
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